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Page  1 . 

ELECTROMAGNETIC  SHADOWING  OVER  A WIDE  RANGE  OF  FREQUENCIES. 

I.  I.  Grodnev. 

Page  2 . 

in  the  manuscript  is  presented  the  theory  of 
electromagnetic  shadowing  over  a wide  range  of  freguencies 
from  zero  to  SHF  band-  Is  given  single  procedure  and  the 

engineering  formulas  of  the  calculation  of  screens  both  for 
electrical  and  for  magnetic  fields  in  the  different 

mode/conuitions  of  the  use  of  screens  (statics, 
electrodynamics,  the  wave  moue/conditions) . Are  examined  the 
special  feature/peculiarities  of  the  shadowing  of  coaxial  and 
symmetrical  catla  circuits  taking  into  account  protection 
from  mutual  and  outside  interferences.  Are  investigated 
fundamental  laws  and  the  characteristics  of  the  multilayer 
combined  screens  and  ate  recommended  the  optimum 
constructions  of  screens.  Are  giver,  to  recommendatio  r. 
regarding  the  shadowing  of  continuous,  tape/strip  and 
braiding  screens  in  the  technology  of  the  communication 
caoles  and  radio-f reguency  cables. 

The  book  is  intended  for  engineering-technical  workers, 
who  are  occupied  by  the  questions  of  the  protection  of 
communications  from  interferences,  and  also  it  can  be  used 


/ 
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The  contemporary  development  of  electrical  communication 
and  radio  electronics  is  characterized  by  the  expansion  of 
the  range  of  the  utilized  frequencies  and  by  the 

master  y/ad  opt  ion  of  decimeter,  centimeter  and  millimatric 
ranges.  This  causes  the  need  for  the  protection  of 

equipment  and  circuits  or  the  transmission  from  tha  effect 
cf  electromagnetic  interferences  in  wide  frequency  range. 
Radical  means  of  defense  are  the  screens  with  the  aid  of 
which  is  localized  electromagnetic  fielu,  created  by  the 

source  of  interferences-  The  methods  of  the  calculation  of 
screens,  illuminated  in  the  literature#  are  cased  on 
quasi-stat ionaty  mode/conditions  and  therefore  are  valid  only 
for  the  limited  frequency  Land  - to  10a  Hz.  As  a rule, 

is  examined  tha  action  of  screen  only  relative  to  magnetic 
wave,  and  sinyle  procedure  and  the  formulas  of  tha 
calculation  of  screens  are  absent. 

In  tiiis  look  are  presented  the  bases  of  the  theory  of 
electromagnetic  shadowing  over  a wide  range  of  fraguencies 


from  zero  to  SHF  band 


Is 


given  single  procedure  and  ’-he 
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engineering  formulas  of  the  calculation  of  screens  both  for 
electrical  and  tor  magnetic  fields  in  the  different 


inode/conditions  of  the  use  of  screens  (statics, 
electrodynamics,  the  wave  mode/conditions).  Are  investigated 
fundamental  laws  and  the  characteristics  of  single-layer  and 
multilayer  screens  and  are  recommended  their  optimum 
constructions-  Ace  examined  the  continuous,  tape/strip  and 
braiding  screens,  used  in  the  tecnnology  of  the 
communication  cables  and  ra d io- f reg uenc y cables.  ¥T  tw 

book  is  intended  ioc  specialists,  who  are  occupied  by  the 
questions  of  the  protection  of  communications  and  radio 
mechanics  from  interferences,  and,  furthermore,  it  can  be 
useful  for  the  students  of  old  courses  as  textbook. 


Observations  about  the 
Moscow-center,  Ch istoprudnyy 
"S vyaz ' 


book  request  tc  guide 
bul'var,  2.  Publishing 


to: 
h ouse 
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Chapter  1 . 


BASIC  POSITIONS  OF  TilE  THE  OH  7 OF  ELECTROMAGNETIC  SHADOWING. 


1.1.  Formulation  of  the  problem. 


Comma nicat ion  cables  ana  radio-frequency  cables  are 
shielded  from  outside  inter terences  and  the  effect  of  the 
electric  power  Line,  overhead  electric  transport  power  lines 
of  electric  RR,  man-made  interferences,  radio  stations  and 
so  forth  with  the  aid  of  electromaqnetic  screens.  Especially 
sharply  came  up  the  question  concerning  interference 
elimination  in  connection  with  the  expansion  of  the  band  of 
the  utilized  frequencies  and  the  wide  inastery/adoption  of 
the  range  of  decimeter  and  microwaves.  The  existing  methods 
of  the  calculation  of  screens,  which  are  based  on 

quasi-stat ionar y raode/condit io ns  (without  taking  into  account 
of  bias  currents)  and  the  use  of  a transverse 

electromagnetic  wave  TEM  art  suitable  only  for  the  limited 


in vestigat ion  and  the  mathematical  vehicle,  which  concern  the 
calculations  of  electrical  shields,  in  it  are  absent.  In 

the  literature  also  is  not  given  the  single  procedure  of 
calculation  of  screens,  but  are  given  only  formulas  for  the 
different  mode/conditions  of  th*  use  of  screens  (static, 
elect  rodynamic,  wave). 

However,  under  the  actual  conditions  of  shadowing,  it 
is  n 6 c ss  ary  to  consider  the  effect  both  of  magnetic  and 
electric  fields.  Moreover  depending  on  conditions  can 


predominate  one  or  the  ether  component  of  field 
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the  form  of  the  plane  wave  whose  energy  is  diviled  equally 
between  electrical  and  magnetic  components.  Powerful  magnetic 
fields,  as  a rule,  are  created  by  circuits  with  low  wave 
impedance,  high  current  and  a small  jump/drop  in  the 
voltages,  but  intense  electric  rields  - by  circuits  with 
high  resi stor/rasistance,  high  voltage  and  low  current. 

« , 

For  a plane  wave  in  free  space,  wave  impedance  is 
equal  to  Kp/e  = 376,7  ohm-  For  a field  with  tn-* 

predominant  electrical  component,  wave  impedance  is 
substantially  more  than  (Zj[  >Z o)>  while  for  a magnetic  field 
is  substantially  lower  (Z*<Z0)  value  of  wave  impedance  for  a 
plane  wave. 

The  target/purpose  of  this  work  are  the  study  of  the 
processes  or  the  shadowing  of  electromagnetic  fields  at 
superhigh  frequencies  and  the  recommendation  of  the  single 
standardized  engineering  calculations  of  screens  for 
electrical  and  magnetic  fields  in  the  different 
mode /conditions  of  use.  All  conclusions  are  giver,  for 

J 

cylindrical  screens  in  connection  with  the  constructions  of 
radio-frequency  cables  and  communication  cables  and  are  based 
cn  the  solution  to  the  fundamental  equations  of 

the  equations  of  Maxwell.  For  a wave 


r-:„  — ■ m~~U 
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mode/conditions  these  equations  take  the  form 


Totfi  = oE  + iaz£ 
rot£=  — imp  H 


i i,  0 


equation  (1.1)  it  is  possible  to  express  differentially 
as  follows: 


for  a TM  wave  taking  into  account  the  action  of 
longitudinal  electric  field 


d*Et  . 1 d£,  , I d*Et 
dr*  r dr  r*  d f* 


(iuUCT— (o*\iz)E,; 


(1.2) 


for  a TE  wave  taking  into  account  the  action  of 
longituuinal  magnetic  field  Hz. 


d*H,  . I dHt  1 
dr*  ' r dr  ' r* 


d*Hz 

df>* 


(i  0410 — u>*(i t)Ht. 


(1.3) 


In  this  case,  field  changes  along  z axis  were  not 
considered.  The  first  member  (i«ojio=K2)  right  side  is  caused 
by  conduction  currents  and  characterizes  processes  in  metal, 
but  the  second  term  (<i>2  fie  — k\)  is  caused  by  bias  currents 

and  characterizes  processes  in  dielectric. 


Page  7. 


For  determining  the  screening  effect  of  cylindrical 
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screen,  let  us  examine  the  flow  of  energy  which  is 
propagated  in  radial  direction  iron;  perturbation  source  to 
screen  and  for  screen.  The  energy  current  density  in  this 

direction  is  expressed  according  t.o  the  law  of  Poynting 
through  components  electrical  E and  magnetic  H of  fields. 

For  the  transverse  magnetic  wavt  T li  (magnetic  shielding) 
Foynting's  vector  takes  the  form  . * The  wave 

impedance,  exerted  to  this  flow  by  metallic  or  dielectric 
medium,  is  expressed  as  the  components  of  the  electrical 

and  magnetic  fields: 

Z'  = ~TT  • (1-4) 

* 

For  a transverse  electrical  wave  TE  (electric  screening) 
the  vector  of  Poynting  and  wave  impedance  will  be 

respective  1 y 


(1.5) 


Field  component  £,  and  Hi  we 
differential  second  order  equations 


f ina 
g i veil 


ty  solving  of  the 
above.  Components^ 


f 


for  the  dielectric 
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Fig.  1.2.  To  thp  determination  of  integration  constant 
the  electrical  (a)  and  magnetic  (b)  fielus;  £"  Hn  - 
incident  field;  E°,  H°  - the  field  reflected; 
field  in  metal;  — a lield  after  screen. 


Page  8 . 


1.2.  Shadowing  of  magnetic  field. 


in  this  case  it  is  to  operate  with  the  transverse 
magnetic  wave  TM.  Perturbation  source  is  a 
longitudinal-operating  electrical  wave  which  it  create 

transverse  magnetic  field  W*.  being  subject  to  shadowing 
(Fig.  1.1a).  For  the  determination  of  the  shielding 
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char  act erist ics 

first  of 

all,  it 

is 

necessary 

to 

1 eter  mine 

the 

com  po  nants 

the 

electrical 

and 

mag  net ic 

H* 

of  fields. 

The 

value  of 

the 

wave 

impedance , 

exerted  to 

the 

radially 

directed  energy  flow,  will  be  determined  through  these 
components : Zr-EtJH'.  The  equation  of  Maxwell  in  cylindrical 
coordinate  system  relatively  Et  for  a metal  and  dielectric 
takes  the  form  ■ . . — * 


*•  r + * **  1— ic«£,— Mfl*  JtBMKTpma,^) 


/f't.u  : (D  for  a “etal* 


for  the  dielectric  , 


where 


e y tone-  is  a propagation  ractor  in  metal;  «|51 

vm  - propagation  factor  in  dielectric. 


The  solution  to  this  equation  foe  a dielectric  takes 
the  form 


PM  r «£  U*/»  M + Ml  c**"  f . 


(Ul) 


where  /„  and  are  cylindrical  functions  of  the  first 

(Bessel)  and  third  (Hankel)  kind;  and  are  integration 

constant;  r and  ■»  - radial  and  tangential  coordinates. 
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On  the  basis  of  egu.  (1„b),  we  determine  the  second 


component: 


“ T^T' ^ “ l^T  S l^*  (U2) 


In  these  expressions  the  first  members,  who  increase  with 
increase  in  r,  characterize  the  waves  £J  and  WJ,  reflected 
a the  second  members  decreasing  with  increase  in  r,  the 
incident  waves  £J  and 


"5 BnHi,(v)cosn  f 


'V«(/V)cosfl<p 

<•— 0 


with  r<r„  (l-13) 


where  Z,  = -^-  = — — l/^ —=376,7  o ^ is  wave  dielectric  resistanc 

**  i«Ki«  K • 

for  a plane  wave. 
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Wave  dielectric  resistance  for  the  incident  and 
reflected  waves  of  any  component: 


z»-  = , 

* «i  h;«v) 

£? 


z»— fg— z,-^^ 

* Km 


*5 


(1.14) 

(1.15) 


With  large  arguments  wave  dielectric  resistance  tale 


the  form: 


K' <2o VvJirz(=Zo-V~»fc.  Difl-erent  signs  of  z; 


and  Zj  attest  to  the  fact  that  falling  and  reflected  the 
waves  are  directed  to  different  sides. 


Lt  t us  determine  now  component  and 


and 


respectively  wave  impedance  7 for 


metal.  The  solution  to 


the  equations  of  Maxwell  for  conducting  medium  (1.10)  with 
coefficient  Km  takes  the  form 


£ l CJn  (v)+ D-K,  (V)l  c«  n q> 

mm 0 

£ |C"  /;  (V)-D-K;  (<v)l  CO*  « f 


. (1.16) 


where  /,  and  kw.  are  the  modernized  cylindrical  functions  of 
the  first  (Bessel)  and  second  (Neumann)  kind  of  composite 
argument;  C%  and  are  integration  constant. 


1 

I 
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Respectively  electrical  and  magnetic  fields  tor  the 
incident  and  reflected  waves  will  be 


£ " = £ DnKn  (ks)  cos  n f 


Hi = - rz-  2 D*K*  {K“r)  cosn<p 


£?  = £ CA^cos  rtf 
n-C 


with.  r,<r<r,+  f.  (|>17) 


Page  10. 


, i«P  Imp  yTj— 

Here  z«  = — *-==]/  — 
km  ) i upo  r o 


is  wave  impedance  of  metal. 


Values  of  the  wave  impedance  of  the  conducting  medium 
for  any  n of  field  component: 


£n  __  ^ (Kur) 

z«  — 

h;  /;<«*•) 


iie  re 

th»- 

wave  impedance  or 

the 

incident 

and  reflected  waves 

al  so 

ii  as 

different  signs. 

wh  ich 

i ndicates 

reversal  of 

direct 

ion 

of  the  motion  or 

tiies 

e waves- 

Let  us  exdiine  electromagnetic  fields,  which  operate 
inside  and  outside  screen,  and  also  in  it  is  thicker  than 
the  scrc-en  (Fig.,  1.  2b)  . In  region  I within  screen,  operate 

the  incident  and  reflected  rields.  For  each  n-component  of 
field,  it  is  possible  to  write:  for  an  electric  field 
A for  a magnetic  field  -•//*  + #£• 
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J*'/? 


The  field  reflected  we  express  as  the  coefficient  o" 


reaction  f^J 


£-£?  P„  = E?  (1  -P.)  - E,  (1  -P„) 
h;+h^p„=h;  (i+ pn) = //,  (i + p.) 


where  E2  and  H9  - the  components  of  the  electrical  and 
magnetic  fields  of  perturbation  source. 


Page  11. 


In  region  III,  outside  screen  electromagnetic  field  is 
expressed  as  the  screening  constant  S„,  characterizing  the 
ratio  of  field  in  any  point.  or  space  in  the  presence  of 
screen  ^ ana  ff^)  ,to  this  same  point  without  screen  ( Et  and//,): 

£'  = £'S  l.  (1.21) 

Hi  = H^S  ) 

In  region  II  in  thicxer  than  the  screen  will  operate 


the  fields 


£,=  £? 


For  the  solution  to  stdtea  problem  and,  in  the  first 
place,  the  determinations  ot  the  integration  constants  and 
screening  constants  S„  and  of  the  reaction  of  screen  Pn  we 
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xs 


will  use  the  continuity  condition  of  tangential  components  £t 
and  fields  on  the  interlace  of  mediums  dielectric  - 

screen  (r=r»)  and  screen  - dielectric  (ra=r»+t). 


For  any  n-component  of  field,  we  have  following  system 
of  equations: 


h,  + hi=h; 


w ith.r  = r„ 


£?=£! 


wt'-ih  t = 


r,+<. 


Taking  into  account  the  values  for  the  electrical  and 
magnetic  fields  given  above  it  is  possible  to  record: 


B,  (!—£«)“  CmJH  (*v,)  4-  DnKn  (VJ 

+P«)  = rr-\cnj'n  M) 


r 


r„ 


E,Sn  = CKJn  l *.(/”,  f 01  +DnKn  K (r,  + /)] 

n,s„  = St-  ic^i^+oi-a,k;k('.+oi> 


npH  r=r,  + /. 


fey.  0)  with- 


Utilizing  a relationship/ratio  between  electrical  and 
magnetic  fields,  derived  through  wave  impedance  for  a 
dielectric  (ZM)  anu  a metal  (iH),  we  will  obtain: 
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0 -P*)~C„Jm  M +D„Kn  (Vl) 

E,  , E,P„  1 

+~F~  = r IC-y«  (vJl 

= [**  (rs+ 01  + AA;1k«  (r.  + 01 

1 

2"  = T~  „ Ikm  (r>  + 01 — D.K,  1k„  (r,  -f-  OH 

ji  ZH 


a; 

npH  r = r„ 


0) 

npH  r-r%  + t. 

/ 


£l)»izh. 


Fd  'Jfc1  1 2 - 


Substituting  hers  the  values  or  wave  dielectric 
tor  the  incident  and  reflected  waves,  we  will 


1 E‘  (1  ~ ^ " C-y«  M + DnKn  (Vi) 

2  L*  EtP„  1 

7,  M-DHKn  (kjj  j 

K ('fyO  * j'H{KAr%) 

I'  BAe^alKm(r;+^+DJ^K(r»+t)) 

z,  H"  (y»>  ™ zT  *C"y"  **“  + 01— f/c,,(r,  + 0 II 

Km  i 


CD 

up*  r-r„ 

i r/> 

npH 

'-r.+f. 


res ista  nc 
obta in  : 
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Thus,  there  is 

i our  equations  with 

f our 

unknowns  C„, 

Dn,  Sn, 

Pn. 

Store/adding  up 

in  pairs  expressions 

(1)  , 

(2)  and 

(3)  , 

^ ) 

ana  utilizing  r 

ecurreiice  formulae  of 

t he 

cy lindrical 

functions  of  the  first  and  second  kind  of  composite 
argument  xi;(x)  =*/„_, (x)_„  U(x)  and  x/fax)*- xKn-i (x)-nKn (x),  ** 

determine  the  value  of  integration  constants  Cn  and  £)„. 
After  substituting  values  Cn  and  Dn  into  equ.  (3),  we 
cLtain  the  value  of  screening  constant  tor  the  transverse 
magnetic  field: 


S„  =- 


('»  + 0 v„ 

x- 


I vw>nniv»  I •/!  *'/j 

I 


1 + 


j Hn  (**'»)  J„  (KgTt) 

U H'n  ( V,)  Z»  JnM 

, [ , Hlt  (K*r*>  , , J«  (v») 

"I-*  »:<■»>  + 'Xm 


. ( 1.23) 

;«-l  (r»  + 01  K»-\  (V»>  — /n- 1 (<V»)  AC,_|  fit,  (ft  + 0] 

^*-1  0v»)  *,  {*«  ('%  +01+  (iCyTa)  /)|  fit,  <t»  + 01 


Utilizing  an  expansion  or  cylindrical 
type  /„  and  f(H  for  a metal  with  large 
**(r.+0>5  and  applying  hyperbolic  functions, 
expression  for  a screening  constant: 


functions  of  the 
argument  and 

we  obtain 
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ch  K^t 


% + Zl 


« + 


w« 


J n (v»)  H, , {KgTtT 

4<v»)  Hi,  (<y.) 


I (V*) 


. ( V*) 


fin  (y^T 

H/i  (v*)  J 


th  k*/ 
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After  conducting  the  appropriate  transformations,  we  obtain 


CW  1 + | 

lift  J»(KMr,)H„(K „rj 

- Zu  Jn  (K*r»)Hn  (**'»)  — J'„  (*cy,)  //„  (xxrs)  * 

-*a-Z“ 

Jn  (Kn't)  H„  (V,) 

th 

Z*  7»( V»)  wn  (Vj)  - (V,)  //„(V>)  J 

where 

/Cm  = V I4U  p«T 

is 

a propagation 

factor  in  metal;  *fl_ 

«=(0  ] — 

t h 0 3 d ill  0 9 

in 

dielect i ic ; 

Zm=»  kdji/o  ~ wave 

i m pe  d a nc  - 

or  a e t a 1 ; 

II 

rWe‘  - the 

same,  dielectric  to 

plan.-  wave;  t is  thickness  of  screen;  r is  a radius  o 

3 

sc  ree  n . 


Bearing  i r.  mind  that  wave  dielectric  resistance  Z0 
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su  tst  ant  ia  lly 

more  the 

wave 

im 

pedance  or 

metal  i.e- 

^q/^n  7m/Zo,  the 

second  term 

of 

t he 

sum  or 

brackets  can  be 

disregarded- 

physically 

this 

1 s 

Dased  as 

follows:  the  first 

term  or  th~  sum  ol  the  brackets  corresponds  to  the 
reil^ction  or  energy  on  boundary  dielectric  - screen  ( 
ardthe  second  - to  reflection  at  a Boundary  screen 
dielectric  (when  r=ra+t).  With  electrically  thick  screen 
(attenuation  k.t  > 1-5  N , 


in  ' r = r») , 


which  practically  always  ta'kes  place,  the  role  of  the  second 
boundary  can  not  be  considered.  Then  the  formula  of  the  calculation 


of  the  coefficient  of  screening  takes  the  form 

S„=  1 


ch  K*t  Z» 

1+  — 


(*v»)  (*v») 


th  kJ 


J m (fCgi ra)  Hn[iCnra) 

Using  the  recurrent  relations  of  cylindrical  functions  of  the 
first  and  third  k±nd:Jn(x)ffi(x)— /nW^n('JcJ=2/ijuc.^6btain  the  expression 
for  calculation  of  the  coefficient  of  screening  of  the  magnetic 
field  in  the  following  form: 

1 1 

. (1.24) 


S = 


* "b  j Zu  * n Hnfar,)  th  K^t 


In  the  technology  of  communication  and  electronics,  it  is 
accepted  to  eyaluate  the  screens  not  in  terms  of  the  coefficient 
of  screening  S,  but  in  terms  of  the  attenuation  of  screening/^, 
which  characterizes  the  magnitude  of  attenuation  (in  decibels  or 
nepers)  introduced  by  the  screen  ( 1 dB=0.115  Np; 




1 Kp  = Bo  bdb  ii 6 , see  appendix 

1)  : *,-20lg|-L|,  10,  or  Np°  Then  f°C  funiaraentdl 

component  magnetic  field  (n  = D the  attenuation  of 
shadowing  is  determined  by  the  formula 

1,5  “ ,n  I T I = 10 1 Ch  ^ 1 + ln  | 1 + T ^ 1 "VJfarWM th  Kj\. 

xd 

Page  14.  (1-25) 

1„  3„  Shadow  in  j of  electric  field. 

in  this  case  it  is  to  operate  with  transverse 
electrical  wave  TF..  Perturbation  source  is  the  longitudinal 
operating  magnetic  wave  Hr.  which  it  creates  cross  field  £, 
being  subject  to  shadowing  (Fig.  1.1b).  Let  us  examine 
action  of  screen  relative  to  this  field. 
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For  the  solution  to  stated  problem  first  of  all,  let 
us  determine  the  value  of  component  magnetic  Hz  and 
electrical  £*  fields.  The  value  of  the  wave  impedance, 
exerted  to  the  radially  directed  energy  flow,  will  be 
determined  through  taese  components:  ZT=E9JHz 

The  eguation  of  Maxwell  in  cylindrical  coordinate  system 
relatively  Hi  (without  taking  into  account  of  change  along 
screen)  takes  the  form 


*H,  J dHt  1 d*Ht  Hk  MC-iAL, 

dr*  r dr  r*  dm*  k?H  — f j • i *.  _ 

* 'V7*  for  a dielectric, 

where  km=1  is  a propagation  ractor  in  metal;  Kr 

= o >Kpe  ~ propagation  factor  in  dielectric. 


The  solution 

to  tnis  eguation  for 

a aielectric  takes  the 

form 

t/i 

X IAr/»(V)  +■  B»Hn <iy)J cos n f , 

(126) 

•—0 

where  /„ 

and 

jj  are  cylindrical 

functions  of  the  first 

( Bessel) 

and 

third  (fiankel)  kind; 

An  and  Bf>  are  integration 

— — 
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constant;  r and  <p  - radial  and  tangential  coordinates. 


!• 


According  to  equ-  (1-7)  ye  determine  the  second  £,: 

component 

S M— ■ Wm (V)J «* n ».  (1 .27) 

n— 0 

In  expressions  (1.26)  and  (1.27)  the  first  members,  who 
increase  with  increase  in  r,  characterize  the  waves  (^J  and  ) 

reflected  a the  second  members,  who  decrease  with  increase 
in  r , tne  incident  waves  and  ) When 

M 

£»=rS'S  «* « f . 

it— o 

' n»0 

^ = “S'  S i4"y« Mcos/If, 

taO 


wher->  2*  = 
resistance 


ka  _ i u y fi* 
i «*  Toe 

, exerted 


is 


= j/a=_376i7 

to  plane  wave 


the 


wave  dielectric 


k,  ■ • 


1 ■ — 


Faye  15 
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W it  h 

respect 

is 

determined 

the 

incident 

an  d 

reflected 

Z\ 

=iL 

H'n  (V) 

K 

* H„(KAr) 

Z\ 

U?\V 

II 

■,  K (v) 

^0  

ln  (<y) 

(1.28) 


Comparing  the  obtained  values  -‘za  and  £2  with  analogous 

£ * * 

values  ior  the  case  of  the  transverse  magnetic  field,  we 

see  tha1-  the  functions  ]n  and  Hn  and  their  derivatives  /„ 

» 

and  were  changed  by  places  in  numerator  and 

de  r.omi  nator. 

Let  us  determine  now  value  Wi,  £,  and  respectively  wave 
impedance  for  a metal  Z„.  The  solution  to  the  equation  of 
Maxwell  for  the  conducting  medium  with  coefficient  *««  takes 

the  form: 
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X (v) + DmK.m  («*/■)]  cos  n 9, 


(1.29) 


E,  = L dJh.  _ _*«_ 

a ar  a 


53  IC>/« (V) —A.*; (v)]cos /If, (1 .30) 


uheie  Jn  and  Kn 


the  modified  cylinurical  functions  of 


the  first  (bessal)  and  second  (Neumann)  kind  of  composite 


argument;  C«  and  Dn 
moving  coordinates. 


integration  constant;  r and  <t> 


■Respectively  electrical  and  magnetic  fields  for  the 


incident  and  reflected  waves  will  be; 


D«K,(V)  cos  /If, 

OD 

^53w^)c»»f. 


H\  - £ C^tv) cotMf, 
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Here  Zu^Kulo  ) i<04Mj/o  > ioj^/o  is  wave  impedance  ot  metal 

to  plane  wave. 


As  a result  we  will  oitain  the  values  of  the  wave 
impedance  or  the  conducting  meaium  for  any  n-component  the 
incident  and  reflected  waves: 


«Z. 


x,  («■') 

Xn  (««r) 


z* 

II 


-2« 


7n  (V) 
Ai(»V) 


(1.31) 


In  the  range  of  high  freguencies  with  the  value  of 
aryuinent  Kur^5  and  the  relat  ionsh  ip/r  at  io  of  the  cylindrical 
f u net  ions 


'n  (<■') 
l‘n  (*■'•) 


f\  * ft 


■ 


Km 


we  will  obtain  for  the  conducting  medium; 

S-Z.-J/S 
fm — I, — j/S 


(1.32) 
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Wave  impedance  tor  the  incident  and  reflected  waves 
charactei ized  by  only  signs,  wnich  indicates  the  contrast 
the  direction  of  the  motion  of  these  waves. 

Let  us  examine  electromagnetic  fields,  which  operate 
inside  and  outside  tap/crane,  and  also  in  it  is  thicker 
than  the  screen  (Fig.  1-2a). 

In  region  I within  screen,  operate  the  incident  and 
reflected  fields:  electrical  ^5+^*'  magnetic  — WJ- 

The  field  reflected  we  express  as  the  coefficient  of  th 
reaction  of  screen 

i - pj  p_, . 

where  Ht  arid  £ - the  components  of  the  electrical  and 

♦ 

magnetic  fields  of  perturbation  source. 
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In  reyion  III,  outside  screen  electromagnetic  field  is 
expressed  as  tna  screening  constant  • S *,  characterizing  the 
ratio  of  field  ir.  any  point  of  space  in  the  presence  ot 
screen  (H*  ana  £* ) to  field  in  this  same  point  without 
screen  (^«  ana  £^); 


In  region 


II  in 


) 

thicker  tnan  the 


(1.34) 

screen  will 


operate  tne 


fields 


(1.35) 


For  the  solution  to  stated  problem  and,  in  the  first 
place,  the  determinations  of  integration  constants  and 
interesting  us  the  screening  constant  S„  and  of  the 

coefricient  of  the  reaction  of  screen  pn  we  will  use  the 

continuity  condition  of  tangential  components  H,  and  £f 
fields  on  th-  interface  or  mediums  dielectric  - screen  (r=r») 
ana  screen  - dielectric  (r—r»+t).  Then  we  obtain  following 
system  of  eguations:  N 
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u-h°~h;  | 

E,+El=*:  \ w 


i fi 


r = r. 


H:=H; 


With.  r=r,+*. 


electrical  and  magnetic  fields  of  equation  tor  any 
n- com  pun  en  t,  they  take  the  form: 


■u  H*0  ?»)  — C„t„  (kj  ,)  -(-  D„K„  (Kj/J 

f «.  o +*->«.  - *■  [c./;  m-dhk:  mi 

P'S*  - <V«  I*-  <'» + OJ  + A.K,  [k„  (r,+ 1)\ 

£, S,  = _ ^ |C„/; K(r,+  t)]-D't c;  (1C,  (r,  + /)]) 

Utilizing  formulas  of  wave 


with.  r*=rt  + (. 


impedance  Za 


and  ZH, 


we  will 


obtain : 


//,(1-PJ  = C.MVJ+D.K„(V,)  \ 

HJZ  + H'fiP.-'-Z.lCJ-'M+DJ c;(v,)i  ) 

= c,  /„  K (r, + /)J  + D./C,  (K*  (r, + 0] 

H^S,  = -Z„  |C„  /;  lK«  (r. -r  01 - £>,  K M, + 01} 


(D 

npw  r=r„ 


(!) 

npn 


r = r,j-t. 


Key:  (i)  with. 


Substituting  here  the  values  of  wave  dielectric 
resistance  for  the  incident  and  reflected  wave,  we  will 
obtain : 


'•  W , ( 1 - P„)  - C./,,  (Vt)  + D«K„  (k^J 

2*  -ZM[CHrnM~DnK-nM) 


H n(*Ar *) 


J*(KAr9)  ( 


(I ) nPH  /,-r„ 


3*  — C«/,,K,(r,4- 01  + [fc*(r,+  01  | (j) 

4.  HtZ9  Sn {C„r  [ku  (r,+/)J-D,/C; [*„  (rt  +t) II H"  *' 

n«(V»)  J 


Key:  (1)  with. 
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Thus,  we  have  four  equations  with  four  unknowns: 
Sn,  P . Store  up  in  pairs  expressions  (1),  (2)  and 
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(3)/  (4)  and  utilizing  recurrence  formulae  of  the 

cylindrical  functions  of  the  first  and  second  Kind  of 
composite  argument  xl'n(x) ^xfnJ,(x) — nln(x)  anc*  xK„(x)  = —xKn-i(x)—nKn(x), 

let  us  determine  the  values  of  integration  constants  Cn 
and  ^ n ■ After  substituting  values  Cn  and  Dn  into  equ.  (3), 
we  will  obtain  screening  constant  tor  the  transverse 
electrical  field; 


1 

k«  (r,  + t)  { (W  Kn  [Ku(ra  + 01  + far,)  ln  |K„(r,  + 0])  ' X 

X _! 

z Hn  (K*r,)  - y"  (*«'»> 

Hnfar,)  * J n (KAr,) 

z H*  ^*r>)  , - J'n  ^«r»)  X_> 

Hn  far»)  * 1 n(Kjp») 


_x  . 'n-]  1*“  (r’  + ~ >n-\  far»)  Kn_t  [s,  (r,  + Q] 

^-l  (lW»)  Kn  l««  (r»  + t)l  + far,)  /„  [*„  (r,  + t)j 


.(1.36) 


Utilizing  an  expansion  of  cylindrical  functions  /„  ar.d  Kn 

for  a metal  with  large  argument  icMr»>'5  and  Ku(,r,+  t)^  5 and 

applying  hyperbolic  r unctions,  we  will  obtain  expression  for 

a screening  constant 
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3<e 


z\  -f  z\  J*  (v») 


1 y»  <*«'•>  __ 

MW 
(Vs)  "J 

l ^v») 

%«rl)  J 

Ai-ter  conducting  the  appropriate  transformations,  wo  will 
cbta in 


<W  r z 
« + hr1 


li.  Jn(^r»)Hn(n 

LZ-  Jn{KAr%)H'(K^)  — j' 


n (Vi)  Hn  (KMrt) 
n ( V»)  ~ 


I Jn(KAr,)/f„(KMr») 

z.  ^ V»>  H'n  M - J'n  (Vs)  Hfar,)  'hK"< 


Where  km  =i\'  ia>  fxo  • is  a propagation  factor  in  metal;  *■  _ n — 

= ell  pi 

the  same,  in  dielectric;  £M  = yio)n/o-  - wave  impedance  of 

metal;  Z0=  ^/€  - the  same,  dielectric  to  plane  wave;  t 

it.  thickness  of  screen;  r:,  is  a radius  of  screen. 

Fage  19. 


Since  wave  dielectric  resistance  Z0  substantially  more 


i 
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the  wave  impedance  of  metal  (especially  for  the 

i.  „ zm 

nonmagnetic  materials)  , i.e.#  %u  *~T  it  i-s  possible  to 

disregard  the  second  term  of  the  sum  of  brackets. 

Physically  this  means  that  with  electrically  thick.  screen**:/ 
>1,5  Np)  the  roie  of  the  second  boundary  can  be  not 
considered.  Then  the  formula  of  the  calculation  of  screening 
constant  will  take  the  form 


S* 


l 


1 


ch  Kut 


z± yn  (*»'»)  k (**'»> 

Z»  Jn(KAr3)H'n  (ACar,)  — Jn  (KAr3)  Hn  (**•») 


Utilizing  recurrence  formulae  of  the  cylindrical 

functions.  or  the  first  and  third  kind  ^r>(x)Hn(x) — J'n(x)Hn(x)  = — — , 

in* 

we  will  obtain  expression  for  the  calculation  of  the 
screening  constant  of  the  electric  field: 

s-~;d7— n; J — : "-37> 

1 + — — i n KAriJn  ( KAr3 ) H„  (/C*/-,)  th  Kut 

Expressing  the  shielding  properties  through  the  parameter 
of  th.  attenuation  of  shadowing  {in  nepers),  wd  will 


obtain  for  fundamental  component  electric  field  (n 


D 


i4f  = In  = In  | ch  kJ  | 4-  In  1 + i n (k/,)  H „ ( KAr ,)  th 

S.  * Zu 


I 


(1.38) 
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1.4.,  Single  method  of  the  calculation  of  screens  over  a 
wide  range  ol  frequencies. 


Analyzing  the  obtained  results,  it  is  possible  to  note 
that  the  formulas  for  the  calculation  of  screens  of  the 
relatively  maynetic  field,  caused  by  the  transverse  magnetic 
«ave  Tfi , ana  the  electric  field,  caused  by  transverse 
electrical  wave  IE,  have  in  principle  identical  structure 
[see  expressions  (1-25)  and  (1.38)  ]. 


This  makes  it  possible  to  accept  the  single  formula  of 

the  calculation  of  the  attenuation  of  the  shadowing  of 

magnetic  and  electric  fields  in  the  following  form: 


Page  20. 


i4,=  ln|ch Kjt  | -j-  In 


'+r|w 


(1.39) 

J 


The  difference  will  be 
dielectric  resistance  Z,  ,* 

r4 


on  ly 


in  tne  values  of  wave 


for  a magnetic  field  (wave  TM) 


Z"  = Z,  i a KMr,f1  (KAr,)  Hx  {k/%)  , 


(1.40) 
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for  an  electric  tield  (wave  TE) 

Zf  =Z, in KMr, / (K/t)  H\ (*/,).  (1.41) 

The  remaining  values,  which  relate  directly  to  the 
metal  of  screen,  are  identical  for  tne  electrical  and 
magnetic  iieias:  km=  = j/fo, uo  is  a propagation  factor  in 
meta  1 ;£*=  = | ^/a  - Wave  impedance  of  metal;  t is  thickness 

cf  screen. 


Formula  (1.39)  is  valid  for  the  calculation  of  the 
attenuation  of  shadowing  over  a wide  range  of  frequencies 
(from  zero  to  SHF),  also,  curing  any  mode/cond it  ion s of  tne 
use  of  screens  (electromagnetostatic,  electromagnetic,  wave). 

Analyzing  the  obtained  result,  it  can  be  noted  that  formula 

* * 

(1..39)  consists  of  two  par ts:  ln|ch/cMl|  = =4n  are  attenuations 

cf  absorption  and  i*»l 1 + \ yu  th  * Ao  - attenuation  of 

re r lection . A„  caused  by  thermal  eddy  current  losses  in  the 
metal  or  screen  and  it  will  be  the  greater,  the  higher 
the  frequency  and  is  thicker  the  screen.  A0  is  connected 

with  the  nonconformity  of  the  wave  characteristics  of  the 
metal  from  which  is  made  the  screen  (ZH),  and  the  dielectric, 

which  surrounds  screen  (**):  the  greater  the  difference  among  ZA 
and  ZM,  the  more  powerful  the  effect  of  the  attenuation  of 


re  flection 
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Attenuation  length  of  absorption  An  dees  not  in 
practice  depend  on  the  for®  of  field  and  has  single-valued 
value  for  entire  frequency  band  from  zerc  to  SHF.  The 
attenuation  or  reflection  A0,  primarily  wave  dielectric 
resistance  Zs  is  different  ror  the  different  mode/conditions 
of  the  frequency  ranges  of  the  use  of  a screen. 

II 

! 


Let  us  examine  the  values  of  wave  dielectric  resistance 
for  the  magnetic  a?)  and  electrical  W of  fields.  The 


formula  of 

ealeu 1 at ion 

contains 

the 

product. 

of 

the 

cylindrical 

f u net  ions 

Ij  Hj  while 

the 

formula 

of 

calculation 

is  a 

product  of  the 

derived  these 

functions 

I'j  H ' j . Functions  have  an  oscillatory  nature,  also,  with 


the  argument. 

equal 

to  zero. 

product  lx  H j — ^ 0, 

a nd 

product  I ’ j h * 

i -» 

Kith  a s 

mall  argument  ( x < 

0.2  5)  of 

function  Ix 

and  Hx, 

they  are 

con vertea:  Ix  ()f)  = 

x/2  and 

Hl(x)  = i (^2/vx).  Then  wave  resistance  of  the  dielectric  of 
relatively  magnetic  and  electric  fields  accept  the 
substantially  simpler  form: 
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Zf -*  —L.  ./ST. L_ L 

■v»  r e i«KM«r, 


(1.42) 


Pago  21. 

According  to  formulas  (1.42)  it  is  possible  to 
the  calculation  of  wave  dielectric  resistance  in  the 
of  frequencies  approximately  to  108-109  Hz.  By  this 
formulas  it  is  possible  to  perform  the  calculation 
screens  with  the  preferred  effect  cf  electrical  th? 
calculation  of  screens  with  the  preferred  effect  of 


conauc  t 

range 

« 

sa  me 
of 


electrical  or  magnetic  field.  For  a 
space,  wave  dielectric  resistance  is 


plane  wave 
equal  to 


in 


free 


A-Zf' 


Vi 


s 376,7  0 K.  KA. 


To  Fig.  1.3,  is  shewn  the  standard  frequency  dependence 
cf  wave  dielectric  resistance  of  relatively  electrical  and 
magnetic  fields,  and  also  the  wave  impedance  of  plane  wave 

<v  and  the  wave  impedance  of  metal  (Z»).  From  the  given 
formulas  and  figure,  it  is  evident  that  the  frequency 

dependence  of  wave  dielectric  resistance  tor  magnetic  and 


electric  fields  has  in  principle  different  character.  Value  2* 
increases,  a Z f having  infinity  with  £ = 0,  it  falls. 

In  absolute  value  >Zo>'Zw  In  t^16  wave  zone  (at 

frequencies  more  than  109  Hz)  of  value  Z*  and  Zf  they 
have  a:;  oscillatory  nature.  The  wave  impedance  of  metal  Z, 
incr-'aoes  according  tc  the  law  of  root  from  frequency, 
while  t he  wave  impedance  or  the  plane  wave  Z0  is  constant. 
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The  frequency  dependences  of  the  attenuation  of  the 


re  flection 

of 

magnetic 

field  M?) 

and 

of  the  attenuation  of 

the  reflection 

of 

electric  field 

(»f) 

are  analogous  to 

dependences 

K 

and 

respectively. 

Figures  1.4a  and  b gives  the  results  of  the 
calculation  of  the  attenuation  of  the  shadowing  of  the 
magnetic  A"  and  electrical  Af  of  fields,  on  curva/graphs 
are  visible  thrae  characteristic  frequency  domains,  which 
correspond  to  the  different  mode /conditions  of  the  wort  of 
the  screens:  I - low-frequency  range  (L.F.)  corresponding  to 
the  electrostatic  and  magnetostatic  operating  modes;  II 
high-frequency  range  (to  h.f.),  that  corresponds 
electromagnetic  mode/conditions;  III  - superhigh-frequency 
range  (SHF  ' j^superhigh  frequency]),  that  corresponds 

wave  mode/conditions. 

The  electrostatic  and  magnetostatic  operating  mode  are 
based  on  the  principle  of  the  closing/shorting  of  charges 


rr 
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(electrostatics)  or  power 

lines 

(magnetostatics) 

in 

the 

metal 

of  screen.  Any  grounded 

metal  screen  operating 

in 

electrostatic  aode/conditions,  and 

ferromagnetic 

(sta 

al) 

screen 

in  magnetostatic. 

These  aode/conditions 

encompass  frequency  range 

from 

zero 

to  several  Kilohertz  and 

can  be 

expressed  by 

the 

equations 

of  Maxwell  for  permanent 

f ield : 

rot  H = *E, 

rot 

E = 

0. 
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Fig.  1.4.  Frequency  dependences  of  attenuation  of  shadowing 
of  magnetic  A " (a)  and  electrical  (b). 

Key:  (1).  steel.  (2).  Copper.  (3).  Hz. 

Page  23. 

Differences  in  the  electrostatic  and  magnetostatic 
■ode/conditions  consist  of  following.  Magnetostatic 
mode/conditions  gives  comparatively  small  and  in  practice 
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identical  screening  effect  in  all  frequency  band  (from  zero 
to  10*  Hz),  m this  frequency  range  magnetic  screen 
operates  on  the  principle  of  the  closing/shorting  of 
magnetic  field  in  thicker  than  the  screen  as  a result  of 
its  increased  magnetopermeability.  With  an  increase  of 
frequency,  grov/rises  the  role  of  eddy  currents,  occurs  the 
displacement  of  magnetic  field  from  the  thickness  of  screen 
and  screen  passes  to  the  electromagnetic  operating  mode. 

Blectrostatic  mode/conditions  gives  screening  effect, 
equal  to  infinity  in  stationary  field  (f  = 0) . With  an 

increase  of  frequency,  it  grov/rises  the  role  of  eddy 
currents  and  electrostatic  mode/conditions  passes  to 
electromagnetic,  that  operates  because  of  eddy  currents  in 
thicker  than  the  screen.  Therefore  screening  effect  (Pig. 

1.4b)  with  f = 0 is  equal  to  infinity,  then  rapidly  it 
descends,  having  a minimum  at  frequency  of  approximately  10* 
Hz,  and  then  smoothly  it  grov/rises.  Minimum  screening 
effect  corresponds  to  the  transition  of  the  mode/oonditions 
of  shadowing  from  electrostatic  to  electromagnetic. 

In  electronagnetostatic  mode/conditions  of  absorption  loss 
in  metal  (A„)  are  small,  and  it  is  possible  not  to  consider 


them. 


The  electromagnet ic  node/conditions  of  the  work  of 
screens  is  based  on  the  action  of  eddy  currents  in  thicker 
than  screens.  Electromagnetic  shadowing  can  be  represented  as 
absorption  and  the  multiple  reflection  of  electromagnetic 
energy  from  the  metallic  thickness  of  screen.  The  reflection 


of  energy  is  connected 

with 

t he 

nonconformity 

of  t he 

wave 

( A Q)  characteristics  of 

the 

metal 

from  which 

is  made 

the 

screen,  and  the  dielectric. 

which 

surrounds  screen. 

The  attenuation  of  energy  in  screen  is  caused  by 
thermal  eddy  current  losses  in  metal,  and  the  more  powerful 
the  eddy  currents,  the  greater  the  energy  absorption  in 
screen  and  is  more  the  value  of  screen  attenuation  because 
of  absorption  0M- 

The  electromagnetic  mode/conditions  of  shadowing  (h. f.) 
encompasses  freguency  range  from  lO^-lO*  to  108-10*  Hz.  At 
high  frequencies,  when  wavelength  becomes  commensurable  with 
the  size/dimensions  of  screen,  they  appear  wave  processes 
and  electromagnetic  mode/conditions  it  passes  to  wave 
mode/conditions.  For  this  frequency  domain  are  valid  the 


equations  of  Maxwell  in  quasi-stat ionary  mode/conditions 


f 
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(without  taking  into  account  of  bias  currents) : rot  H = 

• ✓ * 

*E,  rot  E = -iwyH,  and  also  previously  obtained  formulas 
of  the  attenuation  of  shadowing  A"  and  Af-  The  calculation 
of  wave  dielectric  resistance  2S  is  conducted  by  the 

siaplified  formulas;  Z*=i<onr,  and  = — • 

The  wave  aode/conditions  of  the  work  of  screen  is 

related  to  the  range  of  superhigh  frequencies  from  109  Hz 
and  it  is  above.  This  mode/conditions  sets  in  with  the 

waves*  coaaensura ble  with  the  transverse  size/dimensions  of 
screen 

Page  24. 

In  this  case  the  calculation  of  screens  one  shoull  produce 

the  complete  equations  of  the  electrodynamics:  rot  £=a£+iw  e£  and 
# < 

rot  E = -iupH,  taking  into  account  also  bias  currents.  In 

this  case  it  is  possible  to  use  to  formulas  (1.25)  and 

4 

(1.38)  taking  into  account  expressions  (1.40)  and  (1.41).  A 
vital  difference  in  the  screening  effect  in  this  range  from 
the  range  of  lower  frequencies  is  in  fluctuating  wavelike 
nature  of  change  A , from  frequency.  Figures  1.4a  and  b 
shows  that,  beginning  with  frequency  10* 0 Hz,  that 
corresponds  to  condition  characteristic  it  has  an 
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oscillatory  nature  of  a change  in  the  attenuation  of 
shadowing.  Physically  this  is  explained  by  the  wavs  nature 
of  the  field  of  SHF.  Mathematically  it  is  connected  with 
the  presence  in  the  formulas  of  the  calculation  A9  of  the 
cylindrical  functions  of  first  and  third  order  Ut(K„ra)  and 

H i ( Kar9)  1, 

A which  are  given  to  attenuation  an  oscillatory  nature. 
Failures  in  the  fixed  points,  which  correspond  to  the  zero 
coordinates  of  function  A (xar»),  reach  •.  For  example,  for 
wave  TM  resonance  begins  when  DJX=  1,22;  2,284;  3,238  so  forth. 

Besonance  phenomena  are  characteristic  both  for 
transverse-magnetic  field  (TM)and  transverse  electrical  field 
(TE).  Difference  only  in  the  values  of  resonance 
frequencies. 


The  mathematical  difference  between  the  processes  of  the 

shadowing  of  fields  TH  and  TE  is  caused  by  the  facts  that 

in  the  first  case  in  formula  figure  as  the  functions  1\(kj9) 

and but  in  the  second  - derived  of  these  functions 

7j  ( Kgr9y 

A a»d  OVv  with  f — } - the  product  ll(K]lr9)H\(Ktf9)  gives 


xero  and (therefore  with  f = 

/ 1 (litfa)H  l 

A gives  infinity  and  therefore  with  f = 
electric  field  Ar+oo. 


for  a magnetic  field  4»=0,  a 
0 for  an 
To  this  is  explained  also  the 


noncoaf ormity  of  the  resonance  frequencies  of  the  attenuation 
of  shadowing  for  fields  TE  and  TM  in  wave  range. 
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Let  us  examine  in  more  detail  fundamental 
characteristics  and  the  laws  governing  screens  in  the 
different  mode/conditions  of  their  use:  electroaagnat ostatic, 
electromagnetic  and  wave. 

11.5.  Magnetostatic  and  electrostatic  shadowing. 


Electromagnetostatic  mode/conditions  is  related  to 
stationary  and  permanent  fields  and  in  connection  with  the 
objects  of  shadowing  in  question  it  encompasses  the  DC 
fields  and  tone  frequency  band  (to  4 kHz).  For  determining 
the  characteristics  of  screens  in  electrostatic  and 
magnetostatic  mode/conditions,  we  convert  and  it  is 
simplified  the  formula 

A,  = A„- + A0 - In  | cb  kJ  | + hi  1 1 + ~ +|j-)  th  ic.  1 1 . 


where  z, 

equal  for 
Z " *»  iw  n't] 

f\  and  a 


the  wave 
an  electric 
plane  vaveZo 


dielectric 


field  = 

-V\ 


resistance, 
1 


Uuc  r. 


for 


respectively 


a magnetic 


field 
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During 
necessary 
dielectric 
For  direct 
attenuation 
little.  In 
i.  e.  , \<x*et,  eft 
Furthernor e 


the  use  of  a screen  in  static  behavior.  it  is 
to  consider  both  boundaries  of  reflection: 

- screen  (Z^ZM)  and  screen  - dielectric  (Z„/Za). 

current  and  low  frequencies  (to  103  Hz)  the 
of  energy  in  is  thicker  than  the  screen  very 
this  frequency  zone  k«<<0,25,  ch*„/-*-l  and  /ln-*-0, 

(Mcj)  ■f'  thickness  of  screen  can  be  not  considered. 


th  K»t « kJ- 


Hence  At=A0  = In 


, + t(£+&H 


Let  as  examine  separately  the  attenuation  of  shadowing 
for  electrostatic  and  nagnetostat ic  fields. 


For  an  electrostatic  field. 


Zi  2m 

In  this  case  — >“]r  and  then 

2*  ZA 

/If  =ln|l  +-^r-£-Kut\  (1.43> 

or 

df  =ln|l+yZ*of|, 

where  ZJ=  I/io» w»;  o - the  conductivity  of  netal. 


T."  ' . 
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For  a magnetostatic  field. 


In  this  case 

it 

is 

necessary  to 

consider  the  special 

feature/peculiarit  y 

of 

the 

shadowing  of 

the  nonmagnetic 

(copper,  aluminum. 

lead) 

and  aagnetic 

(steel.  Permalloy, 

z H z 2» 

ferrite)  screens  for  which  sad  ^ h ^ respectively. 

Then  we  obtain: 


fl.46> 
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where  Zo«Z*w  = yV*~376,7  oh*. 

Page  26. 

It  is  necessary  to  keep  in  mind  that  the  plane  wave 
appears,  cord  radiation  source  is  located  from  the  screen 
on  of  the  distances  of  5-6  wavelengths. 

Pig.  1.5  is  shown  the  frequency  dependence  of  the 
attenuation  of  the  shadowing  of  copper  and  steel  screens  of 
relatively  magnetic  and  electric  fields  in  the  spectrum  from 
0 to  104  Hz.  The  obtained  results  give  the  demons trative 
and  convincing  representation  of  the  nature  of  electrical 
and  magnetic  shielding  and  the  special  feature/peculiarities 
of  steel  and  copper  (aluminum)  screens. 

Screening  effect  of  the  electrostatic  shields,  equal  to 

infinity,  with  constant  (f  = 0)  with  aq  increase  of 

frequency  descends  as  a result  of  the  frequency  dependence 

of  dielectric  resistance  of  relatively  electric  field 

Z\  ■»  l/io)  er»  j 

~ End  the  nature  of  the  shadowing  of  static  electric 
fieldc  Electrostatic  shadowing  consists  of  the 
closing/shorting  of  electric  field  on  the  surface  of  the 
metallic  mass  of  screen  and  the  transmission  of  electric 
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charges  to  the  earth  or  housing  of  instruaent.  If  we,  fo 
example,  between  wire  a,  carrying  interference,  ani  wire  b 
subjected  to  effect,  place  the  connected  with  earth/ground 
or  housing  of  instrument  screen,  then  it  will  intercept 
electrical  lines  or  force,  shielding  wire  b from 
interferences  (Fig.  1.6). 

The  necessary  conditions  of  high  effectiveness  of 
electrostatic  shadowing  is  the  metallization  of  screen,  i.e 
its  connection  with  the  housing  of  instruaent  or  the 
earth/grou  nd. 
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1-5.  Attenuation 


of  shadowing  in  low-frequency  range 


,F.)  . 


(1).  Copper  and  steel. 


(2) 


steel.  (3).  copper. 


(4; 


. 1.6.  Electrostatic  shadowing:  a)  screen  is  not 

grounded;  b)  screen  is  grounded. 


: M). 


. 1-7. 

: (1). 


Screen.  (2). 


Magnetosta  tic 


Screen  . 
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On  the  basis  of  the  nature  of  electrostatic  shadowing,  it 
follows  that  the  screen  from  any  metal  (copper,  steel, 

aluminum,  lead)  to  identical  degree  localizes  the  field  of 
interferences  and  performs  the  role  of  the  electrostatic 
shield.  Moreover  special  requirements  for  the  type  of 
material,  its  thickness  and  conductivity  are  not  presented, 
and  therefore,  as  can  be  seen  free  Fig.  1.5,  copper  and 
steel  screens  give  the  identical  effect  of  electrostatic 

shadowing. 

Relative  to  magnetostatic  fields  steel  and  copper 
screens  behave  differently.  This  is  connected  with  the 
nature  of  the  magnetostatic  shadowing,  based  on  tha 
closing/shorting  of  magnetic  field  in  thicker  than  the 
screen,  that  occurs  as  a result  of  its  increased 
nagnetoconductivit y.  Magnetic  flux  (Fig-  5-7),  created  by  the 

carrier  of  interference  by  wire  a,  is  closed  in  thicker 
than  magnetic  screen  as  a result  of  its  low  reluctance  and 

only  partially  it  penetrates  the  shielded  space.  Therefore 


r 


DOC  = 78000202  PAGE 

for  a magnetostatic  screen  usually  is  utilized  steel,  nickel 
and  other  materials,  which  possess  the  increased  magnetic 
permeability.  Nonmagnetic  metals  (copper,  aluminum,  lead)  , 
cannot  perform  the  role  of  magnetostatic  screen.  As  can  be 
seen  from  Pig.  1.5,  the  effect  of  copper  screen  relative 
to  magnetic  fields  in  the  range  low  freguencies  is 
virtually  negligible,  and  steel  - is  sufficiently  high. 


The  effectiveness  of  magnetostatic  shadowing  the  greater, 

I 

the  greater  its  magnetic  permeability  p and  is  more  the 
thickness  of  screen  t.  With  an  increase  in  the  radius  /» 
the  effectiveness  of  magnetostatic  screen  descends.  For 
obtaining  the  reliable  magnetostatic  shadowing  of  wall,  they 
make  comparatively  thick  or  is  applied  compound/composit e 
screen  from  several  layers  of  metal  with  large  magnetic 
permeability. 


Magnetostatic  screens  are  effective  only  with  direct 


current 

and 

in  the  range 

of  low  frequencies. 

With  an 

increase 

in 

the  frequency. 

grow/rise  the  eddy 

currents  in 

screen,  occurs  the  displacement  of  magnetic  field  from  the 
thickness  of  screen  and  its  increased  magnetoconductance 
loses  its  value.  In  the  range  of  high  frequencies  magnetic 


i 


(steel)  screen  passes  from  magnetostatic  to  the 


• "•""I-  - - 
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electromagnetic  mode/conditions,  which  operates  on  the 
principle  of  the  onset  of  eddy  currents  in  thicker  than 
the  screen.  Nonmagnetic  (copper)  screen  in  all  freguency 
band  operates  in  electromagnetic  mode/conditions;  therefore 
its  effectiveness  in  the  range  of  low  frequencies  is  very 
small. 


The  attenuation  of  the  shadowing  of  plane  wave(4/H) 


in 

the  frequency  band 

in 

question 

constantly  and  in  value 

is 

more  than  during 

the 

shadowing 

of 

magnetic 

field  (A"  ),  and 

are 

less  than  during 

the 

shadowing 

of 

electric 

field  (Af), 

i.  e. 

, A?<\EH<V  (Fig. 

1. 

5)  . 

Page  28. 


1.6.  Electromagnetic  shadowing. 


The  electrostatic  and  magnetostatic  screens,  which 
operate  on  the  principle  of  the  closing/shorting  of  the 
corresponding  fields,  as  a result  of  the  increased  the 
electro-  and  magnetoconductance  of  materials  are  effective 
only  in  the  range  of  low  frequencies.  The  action  of 


DOC  = 78000202 


PAGE 


electromagnetic  screens  can  be  presented  as  multiple 
reflection  of  electromagnetic  waves  from  the  surface  of 
screen  and  the  attenuation  of  high-f reguency  energy  in 
metallic  thicker  screen.  The  attenuation  of  energy  in  screen 
is  caused  by  thermal  eddy  current  losses  in  metal.  The 
higher  the  freguency  and  is  thicker  the  screen,  the  greater 

the  energy  absorption  in  screen  and  is  more  the  value  of 

screen  attenuation  because  of  absorption. 

The  reflection  of  energy  is  connected  with  the 

nonconformity  of  the  wave  characteristics  of  dielectric  and 
metal  from  which  is  made  the  screen.  The  more  differ 
between  themselves  the  wave  dielectric  resistance  and  metal, 
the  more  powerful  the  effect  of  screen  attenuation  because 

of  reflection.  This  explanation  corresponds  to  the  physical 
essence  of  the  indicated  process  cf  shadowing. 

As  can  be  seen  from  Fig.  1.8,  the  electromagnetic 
energy  W,  after  achieving  screen,  is  partially  passed 
through  the  screen,  attenuating  in  it  thicker,  and  it  is 
partially  reflected  off  screen  W° 1 (first  boundary  dielectric 
- screen).  On  the  second  boundary  (screen,  dielectric,) 
occurs  the  secondary  reflection  of  energy  (W°z)  , and  only 
the  remaining  part  penetrates  the  shielded  space. 
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Consequently,  energy  in  transit  through  the  screen  decreases 
with  W to  Wa.  In  this  example  the  phenomenon  of  reflection 
is  represented  somewhat  sinply-  In  actuality  occurs  the 
multiple  reflection  of  energy  from  boundaries  dielectric 
screen  - dielectric. 

Electromagnetic  shadowing  can  be  realized  with  the  aid 
of  nonmagnetic  and  magnetic  screens,  but  nonmagnetic  (copper, 
aluminum)  is  given  up  preference,  since  they  are  introduced 


less 

than  the 

loss  into 

the  circuit  of 

transmission. 

In 

the 

deter  mined 

f requency 

region  the  best 

effect  give 

t he 

multilayer  combined  screens,  which  consist  of  the 
consecutively  alternating  layers  of  magnetic  and  nonmagnetic 
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Fig.  1.8. 

W - field 
fields;  w* 


Passage  of  electromagnetic 
of  interferences;  »oi  and 
is  field  after  screen. 


energy  through  screen; 
ii°z  _ reflected 


Page  29. 


Calculation  of  electromagnetic  screens  can  he  realized 
by  the  following  formulas; 


screening 

S = 


co  nstant 

i 


ch  ICut 


1 + 


2 U.  + ZM  ) 


th  k.  1 


(147) 


or  through  the  attenuation  of  the  shadowing 
^-^.+^o-lnlchiiI1<|+ln|l+-i-gA.4^-)thaj|, 

where  Za  is  the  wave  dielectric  resistance,  equal  for  an 
electric  field  Zf  = l/uoer„  for  a nagnetrc  field  =io>|ir, 

and  for  a plane  wave  Zo  = p/«- 


- - 


_ . j. 
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The  formula  of  the  calculation  of  the  attenuation 
shadowing  (A,)  consists  of  tmo  parts:  y,"“ln |-~|  =ln|ch km/|  is 
attenuations  of  absorption  and  /40  = ln  — =ln  | I + — jthKj 
screen  attenuation  of  reflection  will  be  simplified 


of 

screen 


If  the  screen  is  electrically  thick,  i.  e.  its  attenuation  Kt 
exceeds  1.5  Np  then  the  second  boundary  of  reflection  (ZjZJ  may  be 
disregarded  and  the  formula  for  screen  attenuation  of  reflection 
is  simplified 

j40  = In  1 1 4-  -L^ihKj. 

a 4|l 

These  formulas,  obtained  from  the  equations  of  Maxwell  in 
quasi-stat ionary  a ode /conditions,  are  not  considered  bias 
currearts  and  therefore  are  valid  in  the  limited  frequency 
range  approximately  10®- 10®  Hz. 


The  shadowing  of  absorption  A„  is  caused  by  thermal 
eddy  current  losses  in  the  metal  of  screen.  The  higher  the 
frequency  and  is  thicker  the  screen,  the  greater  screening 
effect.  The  shadowing  of  reflection  is  connected  with  the 
nonconformity  of  the  wave  characteristics  cf  the  metal  from 
which  is  made  the  screen,  and  the  dielectric,  which 
surrounds  screen.  The  greater  the  difference  between  the 
wave  dielectric  resistance  and  metal,  the  more  powerful 
screening  effect  of  reflection. 
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^Tuble  1.1  gives  the  results  of  the  calculation  of  the 
screening  effect  of  screens  fron  different  aetals  (copper. 


steel,  aluminum 

and  lead) 

for 

the  different 

types  of 

fields 

(magnetic,  electrical,  the 

plane 

wave)  . 

From 

the  preceding 

information  it 

is  evident 

that 

value  A„ 

is 

identical 

for 

all  transmission  modes.  Analyzing  the  fornula  of  the 
shadowing  of  absorption  An  and  given  data,  it  can  be  noted 
that  screening  effect  grow/rises  in  direct  dependence  on  the 
coefficient  of  eddy  currents  k and  of  the  thickness  of 
screen  t.  With  an  increase  of  frequency,  value  An  changes 

sufficiently  sharply. 


From  the  given  formulas  also  follows  that  the  greater 
magnetic  permeability  p and  the  conductivity  of  screen  a , 
that  higher  screening  effect.  Therefore  screening  effect  of 
absorption  of  magnetic  screens  is  substantially  more  than  in 
nonmagnetic  screens.  This  is  visually  shown  in  Table  1.1, 


where  is 

given 

the 

frequency  dependence 

of  screen 

attenuation  for 

the 

screens  of  different 

aetals  in 

frequency 

spectrum 

to  10** 

Hz. 

At  frequency  1 MHz, 

screening 

effect 

in  steel 

into 

s ix 

and  more  times  is  higher  than 

copper. 

From  nonmagnetic  metals  greatest  screening  effect  has  copper, 
then  goes  aluminum  and  smallest  effect  of  lead. 


Page 
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With  an  increase  in  the  thickness  of  screen,  screening 
effect  increases.  The  coefficient  of  eddy  currents  k and 
equivalent  depth  of  penetration  6 are  determined  by 
the  formulas: 

I 4- 1 /'uno  I 4- j / 2 

« - V 1 - 7T  ’ H“’=  V T “ +'>• “ V 5?  • 

Table  1.2  gives  corrected  values  of  the  aodule/mod uli 
of  the  coefficients  of  vortex/eddy  it  is  such  |k  = » iwpo| 
for  different  metals  and  the  results  of  the  calculation  of 
equivalent  depth  of  penetration. 


The  screen 

attenuation  of 

absorption 

yin 

does  not 

depend 

on  transmission 

mode 

and 

has 

identical 

value 

for  electrical 

and  magnetic  fields 

and 

a plane  wave. 

The 

screen 

attenuation  of 

reflection 

<A0) 

depends  substantially  on 

the 

form  of  field. 

This 

is 

caused 

by  a difference  in  the 

values  of  the 

wave 

dielectric 

resistance 

cf 

electrical 

(Z. 

magnetic  (Z? ) and  plane  wave  (£0) . The  screen  attenuation  of 
reflection  is  determined  that  mainly,  by  the  nonconformity 
of  the  wave  dielectric  resistance  Za  and  of  the  metal 
from  which  is  made  the  screen. 
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Table  1.1.  Screening  effect  of  screens  free  the 

■etals  of  the  relatively  electrical  eagnetic  and 

waves. 


di f f erent 
plane  of 


«( 

{?) 

f / ! Meal. 

(2-)  C t a n b (u=100) 

ah 

Ao 

aeh 

Ao 

ah 

A9 

1 

* 

aeh 

A9 

ah 

Ao 

< 

aeh 

Ao 

ae 

103 

10* 

10* 

10* 

10* 

10* 

10» 

0 

o 

0,02 

0,75 

4,06 

14,35 

46,60 

0,18 

0,92 

3.08 
4,76 

5.8 

6.9 
8,2 

29.4 

27.0 

24.6 

21.6 

18.0 
H.7 
11,2 

13,9 

13,9 

13.8 
13,2 
12,0 

10.8 
9,6 

0,18 

0,92 

3,1 

5,51 

9,86 

21,25 

54,8 

29,4 

27.0 
24,6 
22,3 

22.1 
29,0 
57,8 

13,8 

13,8 

13.8 

13.9 
16,1 

25.2 

56.2 

0 

0,03 

0,97 

4,67 

16,3 

54,1 

168,0 

0 

0 

0,78 

1.52 

2.53 
3,64 
4,90 

27.2 

24.8 

21.8 
20,5 
14,8 

11.3 
7,9 

11,8 

11,8 

11,0 

9,8 

8.6 

7,5 

6,3 

0 

0,03 

1,75 

6,19 

18,83 

57,74 

172,9 

27.2 

24.8 

22.8 

25.2 
31,1 
65,4 

175,9 

1 

11,8 
11,8 
12, C 
14,5 
24,9 
61  ,6 
174,3 

1 

(3) 

{ J A A K)  M M H H ft 

(_5J  CBHHeU 

ah 

Ao 

ae 

Ao 

aeh 

Ao 

< 

A9 

aeh 

A9 

ah 

Ao 

ae 

Ao 

.EH 

Ao 

ah 

ab 

< 

aeh 

A9 

10« 

103 

10» 

10* 

10’ 

10* 

10* 

0 

0 

0,002 

0,39 

2,97 

10.9 

35.9 

0,11 

0,51 

2,78 

4,81 

5.47 

6,70 

7,90 

28.7 

26.4 
24,1 

21.8 
17,7 

14.4 
11,0 

13,3 

13,3 

13,3 

13,2 

11.6 

10,5 

9,4 

0.11 

0,51 

2,8 

5,2 

8,44 

17,6 

43,8 

28.7 
26,4 

24.1 

22.2 

20.7 
25,3 
46,9 

13,3 

13,3 

13.3 

13.6 

14.6 

21.4 
45,3 

0 

0 

0 

0,01 

0,58 

3,54 

12,65 

0 

0,18 

0,71 

2,88 

4,66 

5.8 

6.9 

26,8 

24.4 
22,1 
19,8 
17,0 

13.4 
9,95 

11,4 

11,3 

11,3 

11,3 

10,8 

9,6 

8,4 

0 

0,18 

0,71 

2,89 

5,24 

9,34 

19,55 

26,8 

24,4 

22,1 

19.8 

17.6 

16.9 

22.6 

11,4 

11.3 

11.3 

11.3 

11.4 
13.1 
21,0 

Key: 


(1).  Copper.  (2) 


Steel.  (3) 


Hz.  (4).  Aluminum. 


Lead 


(5) 
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Tables 


Have  inpedance 


Bodule/modulus 


different  net  a Is. 


//) 

1 . « 

<'*■) 

Mejb 

(3) 

Crub 

AjinmiraA 

C5) 

Cm  den 

10» 

0,0118  10— 3 

0,3303- 10~3 

\ 

0,0153- 10~3 

0,0418- 10~3 

10< 

0,0372  10~3 

1,044- 10~3 

0,0483  10~3 

0,1322  10~3 

10“ 

0,118  10— 3 

3,303  ]0-3 

0, 153- 10— 3 

0,418  10~3 

10* 

0,372  1 0“3 

10,44- 10~ 3 

0,483  10~3 

1 ,322- 10— 3 

1(P 

1,18  10— 3 

33,03  10~3 

1,53- 10— 3 • 

4,18  10— 3 

10» 

3,72  10~3 

104,43- 10— 3 

4,826- 10-3 

13,22- 10— 3 

I01 

11,8  10— 3 

330,3- 10— 3 

15,3  10— 3 

41 ,8- 10— 3 

10“ 

37,2- lO—3 

1044,3  10“3 

48,26- 10“3 

132,2- 10— 3 

10» 

1 18  10— 3 

3303  10~3 

153  10— 3 

418- 10— 3 

101* 

372- 10-3 

10443  10~3 

482,6  10~3 

1322  10— 3 

Padenwt 

4>opMy/ia 

0,372  10~'6VA~ 

10,44  10-6 1^7“ 

0,483  10~VT 

1,32  10— 

^ey:  (1).  Hz.  (2).  Copper.  (3).  Steel.  <«)  . Aluninum 

Lead.  (6)  . Calculation  fornula. 
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Tables  1.4.  Wave  Impedance  (on  module/modulus  in  ohm)  of 
dielectrid  (air)  relative  to  the  electrical  <z*),  magnetic 
and  plane  (Z.)  of  waves. 


(3) 

/■«< 

f / ) ManuTaa*  Kuna 

(£.)  3ae.<TpmacKU  aojiaa 

(*> 

it 

* 

© 

o 

© 

- 

j5 

© 
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». 

w 

* 

© 

w 

5 

7 

m» 

w 

* 
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0 
b 

1 
w* 

Jl 

© 

o' 

•- 

w 

o' 

- 

*i 

T 

io> 

79  10 -» 

79  10— 8 

79  10~7 

79- 10-® 

18  10U 

18-10“ 

18-JO* 

18  10* 

376,7 

10* 

79  10-* 

79  10~7 

79  10-® 

79  10-s 

18  10“ 

18  10* 

18  10* 

18  10’ 

376,7 

10* 

79  10~7 

79 -I0-® 

79- 10-=® 

79  10~4 

18  10* 

18  10* 

18  10’ 

18  10* 

376,7 

10* 

79  10-® 

79  10~5 

79  I0~4 

79  1<H» 

18  10* 

18  10’ 

18  10* 

18  10* 

376,7 

10* 

79  10— 5 

79  10— 4 

79-10-* 

79  I0-2 

18  10’ 

18  10* 

18  10* 

18  10* 

376.7 

10* 

79-10-* 

79  10~* 

79-10~2 

79  10— 1 

1810* 

18  10* 

18  10* 

18-10* 

376,7 

10’ 

79  10~3 

79- 10~2 

79- 10~’ 

79 

18  10* 

18  10* 

18  10* 

18-10* 

376.7 

10* 

79  10— 2 

79  10~l 

79 

79  10* 

18  10* 

18  .0* 

18- 10* 

18-10* 

376,7 

10* 

79  10— 1 

79 

79  10* 

79- 10* 

18- 10* 

18  10* 

18  10* 

18 

376,7 

),  a. 

z“ 

=i  0)  !**■»== 

179-  10~7/r, 

ZE 

1 

18  10* 

= 120n 

® eo  >» 

o.  x a 

* 

‘■A 

i co  t r,  */*’’, 

VT 

Hote  C - relative  dielectric  permeability  (for  air  t-'J, 
HZ. 


Key:  (1).  Magnetic  wave.  (2).  Electrical  wave.  (3>  . Hz. 

(4).  Plane  wave.  (5).  Calculation  formula. 
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The  more  differ  between  themselves  values  Z*  and  ZH,  the 
greater  the  value  of  the  reflections  of  energy  on 
boundaries  dielectric  - screen  - dielectric. 


The  values  of  the  wave  iapedance  of  different  metals 


I 
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(copper,  steel,  aluminum,  lead)  are  given  in  Table  1.3,  and 


dielectric  (air)  relative  to  the  electrical,  magnetic  and 
plane  of  waves  - in  Table  1.4.  Felatioqship/ratios  ZJZM 
for  different  metals  with  f = 10*  Hz  and  r3=0,0I  are  given 

in  Table  1.5  (see  Fig.  1.3). 


In  the  considered  frequency  region  (tc  109  Hz)  z£>Z" 
and  the  relationship/ratio  Z* /Z„>Zj  ,'Z*,  i.e.,  boundary 

dielectric  - the  metal  of  relatively  electrical  wave  gives 
substantially  larger  effect  than  relative  to  magnetic  wave. 
Comparing  different  metals  it  should  be  noted  that  the  best 
effect  of  reflection  of  copper,  then  goes  aluminum,  lead 
and  the  smallest  reflectivity  of  steel.  Therefore  copper, 
substantially  being  inferior  steels  on  the  attenuation  of 
absorption  (Aa),  it  has  very  great  advantages  on  the 
attenuation  of  reflection  (A0). 


Tables  1.6  and  1.7  and  Fig.  1.9  gives  corrected  values 
of  the  screen  attenuation  of  the  reflection  of  copper 
screen  for  different  frequencies  and  radii  of  screen.  Here 

for  a comparison  is  given  the  curve/graph  of  the 

attenuation  of  absorption  dn- 
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and  of  plane  waaefAo1^ 

Key:  (1).  Np.  (2).  Hz. 


Table  1.5.  Relationship/ratio  zM/zm  for  different  metals  with  f 
= 10*  Hz  and  r*— o,ot  a ■. 


r/j 

(■2-/ 

MM» 

^3j 

Qruv* 

AjmLi 

(5 J 

CMM« 

SwnprwaM*  '.) 
Mararnua  1) 
TUoaum  $) 

48,6  10* 

215 

1013 

1,7- 10* 

7.6 

36.1 

37,6  KM 

164 

781 

13,7  10» 
60 

285 

Key:  (1).  Pora  of  vave.  (2).  Copper.  (3).  Steel. 


Alnainua. 


(5).  Lead. 


(6) 


Electrical.  (7).  Magnetic. 


(4). 
(8)  . 
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Table  1.6-  Frequency  dependence  of  the  attenuation  of  the 
reflection  of  the  copper  screen  of  the  different  tones  o 
wave  (with  r,-o,02  ■■)  . 


10** 

157,7 

i tr- 

10* 

157,7 

io- 

10» 

157,7 

10~ 

10* 

157,7 

io- 

10* 

157,7 

itr 

10* 

157,7 

101 

0,0118 

0,0372 

0,0372 

0,0372 

0,0372 

0,0372 


1(T4  7,  54  10**|317,0  10* 
I0~4  2,419  10“  4,239 

10~3  2,419  I01*  4,239 ■ 10* 

10— a 2,419  10*  4,239  10* 

10“ 1 2,419  10*  4,239  10* 

2,419  10*  4,239  10* 


101,2  10*  31,698 
101,2  10*  29,396 
101,2  10*  24,796 
101,2  10*  20,196 
101,2  10*  15,596 
101,2  10*  10,996 


//z-  j C - 


/Vpj 


Table  1.7.  Dependence  of  the  attenuation  of  the  reflection 
cf  copper  screen  with  different  radii  of  screen  (with  f 


157,7  10 
157,7- 10 
157,7-10 


Jl  ; Hen. 


2,419  10* 
2,419  10* 
2,419  107 
2,419  10* 
2,419  10* 


Ao.H,n 

20,196 

4,59 

17,8% 

6,89 

15,5% 

9,19 

13,2% 

11.49 

10,9% 

13,79 

A ' p!7 
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From  the  preceding  information  it  is  evident  that  the 
attenuation  of  the  reflection  of  electric  field  A? , having 

very  large  values  in  the  range  of  low  frequencies,  with  an 

increase  of  frequency  sharply  it  decreases.  The  attenuation 

of  the  reflection  of  magnetic  field  A? , on  the  contrary,  on 

frequency  curve/graph  has  the  growing  character,  increasing 

from  zero  when  f * 0,  moreover  Af>Ao.  Hith  an  increase  in 

the  radius  of  screen  Ao  it  grow/rises,  and  A0  decreases. 

Let  us  examine  the  resulting  effectiveness  (A»=AU+A0) 
the  screens  of  relatively  electrical  and  magnetic  fields. 
Figures  1.10  and  Table  1.1  gives  calculated  data  of  the 
attenuations  of  the  shadowing  of  the  copper  screen  with  a 

thickness  of  0-1  mm  in  the  range  of  frequencies  to  10* 

Hz-  The  attenuation  of  the  shadowipg  of  magnetic  field  A? 
has  in  all  frequency  band  the  growing  character.  Decay 
curve  of  the  shadowing  of  electrical  field  has  complex 

nature  - first  it  falls,  and  then  it  increases.  The 
minimum  is  observed  at  frequencies  106-107  Hz.  The 
attenuation  of  shadowing  as  the  strip  of  wave  in  the  range 


r 
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to  lO^-IO7  Hz  has  constant  value,  and  then  grow/rises 
because  of  absorption  in  aetal.  Rate/est imating  the  specific 
significance  of  the  components  of  shadowing  An  (absorption) 
and  A o (reflection),  it  can  be  noted  that  in  the  range 


approximately  to 

107 

Hz  prevails  the  attenuation  of 

reflection. 

but 

above 

becomes 

determining 

the  attenuation  of 

absorption. 

The 

role 

of  the 

attenuation 

of  absorption  is 

especially 

great 

of 

magnetic 

screens. 

4 


As  a whole,  comparing  screening  effect  of  uniform 
screens  with  different  transmission  modes  (Table  1.1),  it  is 
possible  to  state/establish  that  the  electric  field  is 
shielded  substantially  better  than  magnetic,  i.e.,  A»>A*. 

Plane  wave  is  the  intermediate  position  that  (Af>A?H  >A?  ). 


• I 


DOC  = 78000202 


PAGE 


Therefore  magnetic  fields  are  definite  during  screens  and 
from  their  mixing  effect  necessary  first  of  all  to  shield 
couplers  and  radio  mechanics. 

Let  us  examine  in  more  detail  the  effectiveness  of 
screens  of  relatively  magnetic  fields. 


yjgures  1.11,  1.12  and  1.13  give  corrected  values 


will  stop  thickness  of  0.1  mm.  Maximum  value  possesses 
steel  screen  (see  also  Table  1.1).  Maximum  value  An  for 
nonmagnetic  screens  possesses  copper,  then  goes  aluminum  and 
finally  lead  (/4n  for  lead  100  times  less  than  for 
copper).  This  is  explained  by  the  poor  conductivity  a of 
lead.  The  screen  attenuation  of  reflection  A0  at  frequency 
only  1 Np,  aluminum  - 3.4  Np,  but  stopped  in  all  only  1 

Np,  i.e.,  nonmagnetic  screens  have  the  high  value  A0. 

Analyzing  the  screen  attenuation  of  different  screens  as 
a whole  (>4,»i4n+/lo),  it  can  be  noted  that  in  frequency  range 
approximately  to  10*  Hz  the  greatest  result  give  the  copper 
and  aluminum  screens,  and  in  higher  frequency  spectrum  the 


and  in  higher  frequency  spectrum  the 
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advantage  remains  after  steel  screens.  However,  in  a number 
of  cases  due  to  high  electrical  losses,  steel  becomes 
unsuitable  for  the  production  of  single-layer  screens.  With 
an  increase  p of  steel,  occurs  the  redistribution  of  the 
screen  attenuation  of  absorption  and  screen  attenuation  of 
reflection.  Change  p from  100  to  200  gives  an  increase  Am 
approximately  on  0.8  Np,  and  value  A0  decreases.  As  a 
whole  the  increase  p gives  substantially  positive  effect  in 
an  increase  in  the  screen  attenuation. 


Figures  1.14  shows  the  dependence  of  the  screen 
attenuation  of  copper  and  steel  screens  on  thickness. 
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1.7.  Have  mode/condit ions  of  shadowing. 


The  wave  mode/condit ions  of  shadowing  is  propagated  in 
the  range  of  the  superhigh  frequencies:  from  109-1010  Hz  it 
is  above,  encompassing  the  range  of  decimeter,  centimeter 
and  millimeter  waves.  The  limit  of  the  demarcation  of 
electromagnetic  and  wave  mode/conditions  is  the 

commensurabiiity  of  wavelength  X with  the  diameter  of  screen  D» 
when  X^D»  sets  in  the  wave  raode/conditicns  of  shadowing. 

In  this  case  one  should  proceed  from  the  complete  equations 
of  electrodynamics  and  along  with  conduction  currents  to 
consider  bias  currents. 


r- 
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Key : (1).  Np.  (2).  Steel.  (3).  Copper. 


Fig.  1.15.  Dependence  of  attenuation  of  shadowing  on 
conductivity  of  metal. 

Key:  (1).  Np.  (2).  Lead.  (3).  Aluminum.  (4).  Copper. 

(S')  I / Jl  > 

Page  38. 


If  in 

the 

examination  of  electromagnetic 

screens  it 

was 

subject 

t o 

operate  with  fundamental  wave 

cf  electric 

vave 

node. 

the  n 

in  wave  mode/conditions  one 

should  proceed 

from 
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the  saves  of  higher  order  TE  and  TN. 

The  special  feature/peculiarity  of  wave  mode/con ditions 
is  fluctuating  wavelike  nature  of  a change  in  the 
attenuation  of  the  shadowing  of  electrical  and  magnetic  wave 
with  an  increase  of  frequency-  This  is  connected  both  with 
the  nature  of  electromagnetic  field  of  superhigh  frequencies 
and  with  the  special  feature/peculiarities  of  mathematical 
apparatus  for  the  calculation  of  screens.  For  a plane  wave 
the  attenuation  of  shadowing  A»H  in  all  frequency  range  from 
0 to  SHF  smoothly  grow/rises  without  any  oscillatory 
phenomena. 
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Table  1.8.  Value  of  wave  dielectric  resistance  in  electrical 
and  magnetic  ZA  fields. 


r/j 

f.  *n 

Kj»r» 

< 

10* 

2,096  10~7 

1,8  10* 

7,9  10~5 

10* 

2,096  10~6 

1,8-10* 

7,9- 10~ 4 

10* 

2,096- 10-5 

1 ,8  10T 

7,9  10-3 

10* 

2,096  10“4 

1.8  10* 

7.9-10-2 

10’ 

2,0%- 10— 3 

1,8  10* 

7,9-10-' 

10* 

2,096  10~2 

1,8-10* 

7,9 

10* 

2,096  10-' 

1760 

87 

4,24- 10* 

0,89 

106,0 

410 

5,42- 10» 

1,14 

0 

536 

7.15- 10» 

1,5 

15,8 

686 

8 77-10" 

1,84 

0 

780 

10>° 

2,096 

69,5 

820 

1,04- 101" 

2,19 

101 

810 

1,15  10»« 

2,19 

101 

810 

1,15  10*o 

2,41 

176 

778 

1,82-10'° 

3,84 

545 

0 

2,54- 10*° 

5,33 

0 

760 

3,33  10*° 

7.0 

643 

0 

4,08- 10»° 

8,56 

0 

756 

4,85- Ido 

10,2 

680 

0 

5,58  10»° 

11,7 

0 

755 

6,35  10*o 

13,34 

695 

0 

7.08  I0»° 

14,86 

0 

754 

7,86  10»° 

16,5 

704 

0 

8.58-10*° 

18,0 

0 

749 

9,34  10*° 

19,6 

715 

0 

10“ 

20,96 

109 

740 

Key:  (1).  Hz- 
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During  the 
mode/conditions 
one  should  use 
where 


calculation  of 
of  relatively 
known  already 
values. 


screens 
electrical 
for  aula  A* 
wave 


in  the  wave 
and  aagnetic  fields, 
Aa + A0  «=  In  | ch  kJ  | + In  1 1 + -y 
dielectric  resistance  Zn, 


..  i- 





all 


the 


except 


DOC  = 78000202 


PAGE  j**' 


are  identical  for  electrical  and  magnetic  fields.  For 

magnetic  and  electric  fields  wave  impedance  respectively 

Z"=Z,ijiK,r,7I(vJW1(KJIr,)  4g) 

Zf  = Z0  in  k/,J\  (Kxr ,)  li\  (*y,) 

The  screen  attenuation  of  absorption  ^n*=ln  |ch  K„t\  for 
electrical  and  magnetic  fields  is  equal.  The  screen 
attenuation  of  reflection  A0  because  of  values  Z*  and  Z* 
for  electrical  and  magnetic  fields  is  different. 


Table  1.8  and  Fig.  1.3  gives  corrected  values  of  wave 

dielectric  resistance  of  the  relatively  electrical  z\  and 

magnetic  z"  of  waves.  Approximately  to  equality  between  the 
wavelength  and  the  diameter  of  screen  (X«Da)  the 

curve/graphs  of  wave  dielectric  resistance  zf  and  Z"  have 

smooth  character,  and  then  in  range  SHF,  beginning  with  1 0* 
Hz  they  bear  the  oscillatory  nature:  for  a wave  Z, 
increasing,  and  for  zjf  ~ damping.  These  wave  processes 
occur  closely  value  z0=  • 


j 
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Pig.  1.16.  Frequency  dependence  of  attenuation  of  shadowing 
of  electrical  -if"  and  magnetic  A*  of  fields,  plane  wave  A f* 
and  attenuation  of  absorption  in  the  range  of  SHF- 

£7  /-fen  — Np  • cB i — shf;  zy  ^ hz  J 


Page  40. 

Table  1.9  and  Fig.  1.16  shows  the  values  of  the 
attenuation  of  the  shadowing  of  the  electrical  A%  and 

magnetic  A*  SHF  fields  in  wave  zone.  In  figure  is  also 
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given  the  frequency  dependence  of  the  attenuation  of 

absorption  An-  During  graphing  of  the  value  of  the 

attenuation  of  shadowing,  they  are  United  to  value  17  Np, 

since  large  values  difficult  to  neasure  and  to  realize.  The 

attenuation  of  absorption  for  both  fields  equally  has 

snoothly  increasing  character.  The  attenuation  of  shadowing  Aa 

and  the  attenuation  of  reflection  A0  have  an  oscillatory 

nature.  Physically  this  phenomenon  connected  with  resonance 

phenomena  when  testifies  to  the  wave  nature  of 

electromagnetic  field  on  SHF.  Mathematically  this  is  caused 

by  the  presence  in  the  formulas  cf  calculation  A 3 (SHF) 

the  cylindrical  functions  of  the  first  (lt)  and  third  (Ht) 

hinds  that  are  given  to  attenuation  an  oscillatory  nature. 

In  the  points,  which  correspond  to  the  zero  coordinates  of 

function  I1#  failures  reach--.  For  a magnetic  wave  the 

resonance  begins  when  Knr»=3,83;  7,015;  10,167  so  forth-  Or,  bearing 

in  mind  that  K^r8=<»j/  per,—  2mf—  =jiD8— = — we  will  obtain  the 

e el 

points  of  resonance  with  following  relationship/ratios  AA=  1,22; 

21.23#  ; 3*2  3 Z 
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Table 

1.9.  Values 

of  the  attenuation 

of  the 

shadowing  of 

the 

electrical 

and  magnetic  a * of 

fields 

in  wave  zone 

with 

different 

radii  of  screen. 

r,— 1.5ju«;  /— O.OIjui  jj t-0.01** 


m 

/.«< 

ah 

ae 

f*«< 

ah 

ae 

10* 

9,55 

17,60 

10* 

10,20 

19,10 

6,37- 10* 

13,74 

15,41 

6,37- 10* 

16,09 

17.77 

1,26- 10* 

16,36 

16,55 

1,26-10“ 

16,20 

16,40 

2,53- 10* 

16,18 

14,44 

1,67-10“ 

19,21 

15,82 

2,93- 10* 

— 

OO 

2,53-  10i» 

16,18 

14,44 

3,31  10* 

16,03 

14,28 

2,93-10“ 



OO 

5,6710* 

14,12 

15,41 

3,31-10“ 

16,03 

14,28 

6,1-10* 

oo 

— 

3,57-10“ 

15,95 

14,67 

6,310* 

13,24 

15,27 

4,1- 10“ 

15,69 

15,15 

8,210* 

14.05 

13,30 

5,67-10“ 

14,12 

15,41 

8,49- 10* 



OO 

6, 1 ■ 10“ 

OO 



8,75  10* 

14,99 

13,07 

6,3-10“ 

13,24 

15,27 

1,07-10“ 

13,48 

14,76 

8,2- 10i* 

14,05 

13,30 

1,12-10“ 

OO 



8,49-10“ 

_ 

OO 

1,29  10“ 

14,49 

13,7? 

8,75-10“ 

14,99 

13,07 

1,36  10“ 

OO 

1,07-10“ 

13,43 

14,76 

1,45- 10“ 

14,35 

13,86 

1,12-10“ 

OO 

— 

1,55-10“ 

13.52 

14,35 

1.29-10“ 

14,49 

13,73 

1,62 -10“ 
1,70-10“ 

OO 

13,60 

14~08 

Key:  (1).  Hz. 
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IQI  an  electrical  wave  the  resonance  begins  when 
ic„r8*=  1,84]  ^33]  8,53 

A sp  forth,  which  corresponds  to  relationship/ratios 
DJX= 0,58;  1.70;  2,72 

A so  forth. 


As  can 

be  seen 

from  Table  1.9, 

in 

the  range 

of 

frequencies 

I0«-10*» 

Hz,  there  is  on 

2-3 

resonances 

for 
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magnetic  and  electric  waves.  Thus,  resonance  phenomena  are 

observed  for  both  transmission  modes:  magnetic  and  electrical 
with  the  difference  only  in  amplitude  and  frequencies  of 

resonance.  Mathematically  its  difference  between  A?  and  Af 
is  caused  by  the  facts  that  in  the  first  case  in  formula 

figure  as  functions  and  H1#  and  in  the  second 

derivative  of  these  functions  I*,  and  H’x-  With  f = 0, 

product  1 1 H x gives  zero  and  therefore  for  a magnetic  field 

with  f = 0 A?  = 0,  but  the  product  of  the  derive!  these 

functions  I'jH'x  gives  infinity  and  therefore  for  an 

electrical  field  at  f = 0 value  A»  = oo.  For  a plane  wave 

the  attenuation  of  shadowing  A*H  in  all  frequency  range  from 
0 to  SHF  smoothly  they  grow/rise  without  oscillatory 
phenomena. 

Is  of  interest  to  compare  the  formulas  of  the 

calculation  of  the  attenuation  of  shadowing  in 
electromagnetic  (h.f.)  and  wave  (SHF)  mode/conditions.  Since 
the  attenuation  of  absorption  An  in  both  cases  is  equal, 
let  us  examine  only  the  formulas  of  the  attenuation  of 
reflection  A0. 


For  the  magnetic  field: 
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?? 

I i ZH 

A5(  BH)=  In  1 + -Mh/c** 

I A fan 

Ao  (cb*i)  = In  j l 4-  — ~ > n Kxr i OVi »)  (K*r»)^  J * 

£ 8V  - h.f;  C-6‘/=  SHF  ^7 

where  2"  = ^^  Bearing  in  nind  that20i/c*r,=  ]/-^i  ©j/p  r.  = i <o(v,  = Zi 


1 + -T7L,‘/i(V.)Wi(vJth 


Kj 


will  obtain  that  A%  (SHF)=ln 

Disregarding  by  one  as  coapared  with  the  second  aa nber 

whe  re 

Jk3UU(fa  «■  * IQ  lw— • # •* I— » * " 

(Kjf%)Hi(Kjft)\ J 

K or 


suit  we  can  £fi£Qrd  A%  (SHF)  =A%  (h.f.)  +AA? , 

A/4  o = In  | nIj(Kyf *)  H i(K*r*)  \ J 

AH  (cot)  = Ao]  (bh)  + in  | n Jt  (<c/»)  # i (VJI*  (149) 


= SHF 


& V- h.fO 


1 ZA 

'+it,bK-‘ 


For  the  electric  field: 

Ao  (b«0  — In 

Ao  (cbm)  - In  1+y  |*-in  Kfg/\  (*y ,)  H[  (v.)  th  kJ  J , 

£ e>^  = h.f  ; = SHF  J 


where  7e  _ 1 . 

* i we  r. 
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i«  .i.d  that  Z*7^7 ,e  *iU 


Bearing 

obtain  that  A%  (SHF)  = in  I 

| 4 I 

Disregarding  one  in  comparison  with  the  second  tern  of 


1 + Y ~ n (i  V.)1 1\  ( Vi)  h i ( V») th  ^ 


we 


of 


sum. 
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we  will  obtain  that  j4f  (SHF)  =a£  (h.f.)  +a4£,  where 

M£=ln|jt(i/cflr»)2/|(K>r»)//i(/ca/'t)|,  or  a£ (cbm)  = Ao  (bv)  + In  | n (i  Kar,)*  J\  (Kar,)  H\  (>c^s)  | . (1.50) 

Key:  (1).  SHF-  (2)-  h.f. 

Values  A/l*  and  \AE  are  caused  by  the  special 
feature/peculiarities  of  shadowing  at  SHF,  that  characterizes 
wave  nature  of  processes  in  this  frequency  domain.  Figures 

1.17  and  1.18  shows  comparative  the  data  of  the 
attenuations  of  reflection  for  an  electromagnetic  zone  (h.f.) 
and  a wave  zone  (SHF),  separately  for  the  magnetic  A " and 

electrical  Ao  of  waves.  Figures  1.19  shows  the  specific 

significance  of  the  resonance  components  and  \AE  and  the 

resulting  values  of  the  attenuation  of  shadowing  A,  (SHF) 
and  AE  (SHF)  in  wave  zone. 
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* o ICBv) 

N. U ' 


T I I i i 

*t(BVI  \ j/~x!  I I 

w f y 'ti 

I ! ! i 


1 I i 

i I l 

! l I 


F/J 

*!  ic>v) 


x J— I ■ ; ' 

\ ir\j. i i 

I ? r ! 

j * i c t « ; 

• T l V'  i ri 
hKH-sNs* 


W ino  ing  1 — ■*  Ip 

■ 10  f,  in  iy'< 

r-%  i.n  S3) 

Fig.  1.  17.  Attenuation  of  reflecti 
the  range  of  SHF. 


»'  10! 
Fis.  i.if 


Fi<j-  i-'t  C3) 

on  of  electric  field  in 


Key:  (1).  SHF . (2).  h.  f . (3) 


Fig-  1-18.  Attenuation  of  reflection  of  aagnetic  field 
the  range  of  SHF. 

Key:  (1).  SHF.  (2).  h.  f . (3) . Hz. 


Page  43, 


table  ,,10  gi.es  calculated  the  data  of  the  attenuations  of 
the  shadoeing  of  copper  screen  in  the  range  of  frequencies 
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from  102  to  lO1®  Hz.  Front  curve/graphs  and  table,  it  is 
evident  that  to  109-10>o  Hz  of  attenuation  length  of 
reflection  for  an  electromagnetic  mode/conditions  are  close 
to  values  for  a wave  mode/conditions#  and  then  nhen 
begin  to  oscillate.  Values  themselves  and  ace 

comparatively  small  and  are  characterized  fcy  amplitude  and 
the  frequency  of  resonance. 


Let  us  examine  the  fundamental  lavs  governing  a change 
in  the  screen  attenuation  of  wave  zone  from  the 
construction  of  screen. 
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Page  44. 

Figures  1.20  gives  the  frequency  dependence  of  the 
attenuation  of  the  shadowing  of  magnetic  field  A»  for  a 
copper  screen  by  thickness  t = 0.01  mm  ly  a radius  r„i=0, 5 
■a  and  with  an  increase  in  the  radius  of 

screen*  grow/riec .s  screening  effect  and  resonance  phenomena 
they  are  moved  into  the  range  of  lower  frequencies. 


Figures 

1.21a 

and 

b gives  the 

frequency 

dependences  of 

the  attenuation  of 

the 

shadowing  of 

electrical  and  magnetic 

fields  for 

screen 

with 

radius  of  5 

mm  and 

the  different 

thicknesses: 

ti  - 

0-01 

mm  and  t2  - 

0.  001 

mm.  From  it  is 

placed  to  an  increase  in  screening  effect.  Moreover 
resonance  frequencies  virtually  remain  constant/invariable. 

Figures  1.22a  and  b shows  the  dependence  of  the 

resonance  frequencies  of  the  attenuation  of  shadowing  for 
electrical  and  magnetic  fields  on  a change  in  the  radius 
of  screen.  Curve  1 is  related  to  the  values  of  the  first 


resonance* 

and 

curved  2, 

3 and  4 - 

respectively  to  the 

values  of 

the 

s ubsequent 

resonances. 

with  an 

increase  in 

the  radius 

of 

screen*  the  resonance 

frequency 

decreases.  So 

if  for  a 

magnetic  field 

when  r»=10 

a the 

first  resonance 
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begins 

begins 


with 

^ Ol 

= 1 .8 • 109 

Hz,  then  when  h>=30 

■ 

with 

f 01 

= 5.6  • 10» 

HZ. 

it 


Table  1.10.  Attenuation  of  shadowing  for  electrical  and 
magnetic  fields  in  wave  zone  (copper;  r3=10  mm;  t = 0.01  mm) 


ff) 

1 • « 

_ 

** 

A^cn) 

10* 

0 

35,34 

0 

0 

35,34 

0 

10s 

0,00099 

31,44 

0 

0 

31,44 

0,00099 

10« 

0,0237 

26,14 

0 

0 

26,16 

0,0237 

10» 

0,9042 

22,44 

0 

0 

22,44 

0,9042 

10* 

3,114 

20,03 

0 

0 

20,03 

3,114 

10’ 

5,42 

17,63 

0 

0 

17,63 

5,42 

10» 

8,38 

16 

0,1 

0 

16,1 

8,38 

1,9  10* 

>17,0 

>17 

1,77 

0,095 

18,77 

17,095 

4,5  10» 

>17,0 

>17 

0 

0,214 

17 

17,214 

8,77- 10» 

>17,0 

>17 

— oo 

0,15 

— OO 

17,15 

1,10  I010 

>17 

>17 

— 

0 

— 

17 

1,52  1010 

>17 

>17 

-0,576 

— 

16,424 

— 

1,8  1010 

>17 

>17 

— 

OO 

— 

OO 

2,46  10W 

>17 

>17 

— 

- 0,9 

— 

16,1 

2,64- 1010 

>17 

>17 

OO 

• 

OO 

— 

3,22- 10i» 

>17 

>17 

— 1,24 

■ 

15,75 

— 

3,33- 10»o 

>17 

>17 

— 

— OO 

— 

OO 

4,08  101° 

>17 

>17 

OO 

— 1,46 

OO 

15,54 

4,85- 10i« 

>17 

>17 

— 1,63 

OO 

15,37 

OO 

5,65  lQio 

>17 

>17 

OO 

-1,76 

OO 

15,24 
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Note.  At  the  frequencies  of  large  1.-9. 10"9  we  take  A» 

(h.f .)  = 17  Np. 

Key:  (1).  Hz.  (2).  h.f.  (3).  SHF. 
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Example  of  the  calculation  of  screen.  To  determine  the 
magnetic  screen  attenuation  of  the  copper  cylindrical  screen 
with  a thickness  of  0.1  an  and  with  a radius  of  20  mm 
at  frequency  1 MHz. 

Solution. 

1.  From  Table  1.2;  1-3  and  1.4  we  find  values  of 
wave  dielectric  resistance,  copper  and  coefficient  of  eddy 
currents: 

ZA  = i 138  10— 3 OM,  z*  - VTO.372  10“*  om, 
k=  Kf21,21  — . 

MM 
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it 


change  in  radius  of  screen. 


Key:  (1).  Hz. 
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2.  He  deter  nine  attenuation  of  absorption  of  screen: 


»*  0,47e~'*4,*f  , 


ch K^t  ch  y'ibi  ,21-0, 1 2,13el#4«*  ,4'e 

*"~l"ls~hl"lo"4i }!-'»•«  I"0-75  Np- 


»e  deter sine  attenuation  of  reflection  of  screen: 


I ( Zm  ZH  y 1 

+ T(^r  + ^)th'c-< 


. , _L (ZJl  ,ZJL\  ■ , 1 / 138- 10— 3 eiw*  . 0,372  10-3  e‘«:\ 

2 \Z*  Zm)  T\,0,372.|0-3e,45*+  138IO-3e,90i  )"185-re 


th K^i  = th  \r\  21,21  0,1  = l.lle11,1*'  . 


Hhence 


s°  “ 185, 5e145*- 1,  lie11,1®’  “ 205, = °’0M87  * ,46''r  * 

/,#=l"l  Srl  = ln|o,00487e-'4«'“*  =5-325-'»P* 


4.  He  deter  nine  total  attenuation  of  shadowing: 

A*  = A„+  At  = 0,75  + 5,325.=  6.075  Vp 
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Page  47.  Chaptec  2.  SINGLE-LAYER  SCHEEkS. 


2.  1.  "Have"  method  of  determining  the  screening  constant. 


"Nave"  method  is  based  on  the  examination  of  the 
phenomena  of  shadowing  with  the  aid  of  falling/incident, 

reflected  and  refracted  waves  on  the  boundaries  of 
electrical  nonconformities  dielectric  - metal  - dielectric. 
In  this  case  the  shielding  properties  of  screens  are 
expressed  as  the  wave  characteristics  of  the  metal  from 

wlrich  is  made  the  screen,  and  the  dielectric,  which 
surrounds  screen.  "wave"  method  allows  to  mathematically 
simply  and  physically  convincingly  present  the  processes, 
occurring  in  screens. 


Let  us  determine 
screen  (Fig.  2.1)  by 
the  results,  obtained 


the  screening  effect  of  single-layer 
"wave"  method  and  let  us  compare  with 
earlier  with  solution  by  classical 


I ■ 
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method  on  the  basis  of  the  equations  of  Maxwell. 


Me  take  the  thickness  of  screen  t,  the  coefficient  of 

eddy  currents  K-  y'uoiio.  Let  us  assume  that  to  the  surface 
of  screen  in  region  I falls  the  wave  of  the  source  of 
interferences  E.  As  a result  of  the  nonconformity  of 
electrical  characteristics  (boundary  of  I-II)  the  part  of 
the  energy  will  be  reflected  back  into  region  I.  The  part 
of  the  reflected  energy  can  be  expressed  by  the  coefficient 
of  reflection  (pl2)  in  the  form  E2  = Epl2.  Another  part 
of  the  energy  passes  into  region  II  and,  vary  in 

proportion  to  to  refractive  index  (qt  2)  , will  undergo 

attenuation  according  to  the  law  e~*'  Field  in  region  II 

Hill  be  determined  = This  wave  in  boundary  of 

II-III  partially  will  be  reflected  and 

partially  it  passes  for  screen  (£,<=?i2?2Se~"'£).  Wave  E3 
partially  passes  into  region  I (£-6=^i^2ipMe~**,£)1  a partially  it 


will 

be 

reflected 

from 

boundary 

of 

I-II 

it  will 

r etur  n 

conversely 

(Et-quptx**-3*1  E). 

This 

wave 

partially 

passes 

into 

the 

shielded 

space 

(region 

III)  in 

the  fora 

of  wave 

£«*=<?  i 2?2sPijPm€  3 rt£. 


— 
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Fig.  2.1.  On  the  calculation  of  screening  effect  of 
single-layer  screen  by  "wave"  method. 

Key:  (1).  region. 


Page  48. 


Have  Es  on  boundary  of  II-III  gives  the  wave  E7, 
which  will  cause  the  reflected  and  refracted  waves,  and  so 
this  process  can  continue  to  infinity  until  waves  completely 
damp.  As  a result  it  is  possible  to  write  for  region  I 
where  operates  the  sum  of  the  waves  reflected,  the 
expression: 

E°  — Et  f ^ £tn+t  = Et  + ^ <ht^nPi»(PnPu)'>  'e  inKtE.  (2.1a) 


H«1 


>”* 


LJflMMH 


following 
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It  summed  up  this  series,  we  obtai 


in 


£0  =Llt  + £. 

V 1 — PuPu  e / 


Let  us  hence  determine  the  resulting  coefficient  of 
re fleet ioa  {react  ion)  of  the  screen 

<7iW«iPtt  c~ 


E°  „ _ „ „-2rf  Q 


P = — = Pit  + _ 

E >-PilPMe-w 


(2.U) 


In  region  III  in  the  shielded  space,  will  operate  a 
whole  series  of  transmitted  through  the  screen  waves  of  the 


type  £4n;  £’=  y £*  = £ <htfiu (PitPvi)n~l  e~ ** E. 


n»l 


s=il=. 


»i*9u  « 


—Kt 


E 1 — PltP*»«~,IC' 

Then  screening  constant  is  equal  t« 


(2.2) 


• - ■ Lr. 
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tab  we  convert  the  obtained  expressions  for  p and  S.  it 
is  known  that  the  refractive  indices  g and  of  reflection  c 
are  expressed  as  the  wave  characteristics  of  the 
conjugated/combined  aediuas  ZA  and  ZB: 


Bearing 

obtain: 


in 


<7  = 

“a 

- — zb 

(2.3) 

* a + Za 

Za  + *b' 

mind 

that 

in  our  case  Z1  = z*,  we  will 

<?a  = 

2Zt 

_ 2 z, 

<7n  = — • 

1 

Z«  + ' 

z.-z, 
z,  + z,  * 


(2.4) 


where  Zt  - wave  dielectric  resistance  (ZK),  a Z*  - the  wave 
impedance  of  aetal  (£„). 

Page  49. 


After  substituting  values  of  q 
will  obtain 

2Zj  izt 


and 


S ~ -iilfail 

* — PitPu* 


in  (2.2)  , we 


~ut 


(Zi+Z.) 


i -(53f: 
\z«+zj 


(Z.+Z,)*  t*  (Z.-Z,)*  e-*' 
Z,Z,  4 ~ ZSZ,  4 


or 
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Converting  this  expression,  we  will  obtain 


Passing  to  hyperbolic  functions,  we  will  obtain 


S = 


ch/c/ 


2 Z,Z, 


• sh  Kt 


1 1 
ditf  1 Z,  Zt  , 

, + T(;r+7fl|1*' 


or  it  is  final 


Comparing 
"wave**  method 
differential 


S = 


1 1 


(2.6) 


(2.6)  with  formula  (1.47),  we  note  that 
and  the  classical  method  of  the  solution 
equations  give  identical  result. 


2.2.  Coefficient  of  the  reaction  of  screen. 


Electromagnetic  screen,  shielding  circuits  and  ducts 


the 

to 


from 


interferences,  simultaneously  exerts  essential  influence  on 
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its  own  parameters  of  the  shielded  cell/elements  (circuits, 
ducts),  after  redistributing  internal  electromagnetic  field 
and  changing  the  conditions  of  the  passage  of  signals  along 
these  circuits.  This  phenomenon  is  caused  by  the  reaction 
of  screen,  which  is  led  to  a change  in  its  own  parameters 
of  the  shielded  cell/elements.  In  this  case,  change  both 
parameters  of  the  chain  transfer  and  ducts  (R,  L,  C,  G)and 
the  parameters  of  the  effect  which  include  the  electrical 
and  magnetic  (M  = r+ia>m)  of  cqamunication/connection. 

The  effect  of  screen  on  the  electrical  characteristics 
of  circuits  and  ducts,  included  into  screen,  can  be 
determined  with  the  aid  of  the  coefficient  of  the  reaction 
of  screen  P.  Electromagnetic  screen  is  characterized  by  two 
parameters:  the  screening  constant  S,  which  determine  degree 
and  the  fundamental  laws  governing  of  a change  in 
electromagnetic  field  outside  screen,  and  by  the  coefficient 
of  reaction  P,  which  determine  degree  and  the  fundamental 
laws  governing  a change  in  electromagnetic  field  within 
screen.  Both  parameters  are  organically  interconnected  and 
can  be  mathematically  determined  one  of  another. 


Page  50. 


' JMi 


— tJk 
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Only  the  combined  examination  of  both  factors  S and  P can 

give  the  proper  representation  of  the  processes  of  the 
shadowing  of  the  system  being  investigated  and  make  it 
possible  to  select  the  optimum  construction  of 
electromagnetic  screen,  which  is  especially  important  for 
ccmmunicat ion  cables  where  the  large  number  of  circuits  is 
arrange/located  in  immediate  proxinity  of  screen  and 

experience/tests  its  electromagnetic  control- 

parameter  S makes  it  possible  to  consider  the  shielding 
ability  of  system  and  the  degree  of  a decrease  in  the 

field  of  the  interferences  in  the  effect  of  one  electrical 
circuj-t  on  another-  Parameter  P makes  it  possible  to 
investigate  from  screen  the  field  reflected  and  the  degree 
of  its  effect  on  the  natural  electrical  characteristics  of 

circuits,  contained  screen. 

The  effect  of  reaction  to  its  own  parameters  of 
circuits  and  ducts,  contained  screen,  can  be  both  negative 
and  positive.  Under  specific  conditions  and  the  design 
relationship/ratios  of  screens,  their  reaction  can  improve 
the  electrical  characteristics  of  the  shielded  cell/elements. 
Therefore  during  screens,  one  should  attempt  to  obtain 
maximum  screening  effect  and  the  most  advantageous  parameters 


r 


■ 
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of  the  reaction  of  screens.  The  coefficient  of  reaction  is 
deterained  by  "wave"  method  and  is  expressed  in  the  for® 
of  thre  ratio  of  the  reflected  field  E°  to  basic  field  E: 

P=  — . (2.7) 

£ 

Converting  expressions  (2.  la-2.  1c)  taking  into  account 
values  of  g and  p,  we  will  obtain  the  final  coefficient 
of  reaction  in  the  form 


> * Zj|  / 


(2.8) 


where  ZB~  wave  dielectric  resistance;  Z„—  is  wave  impedance 
of  aetal;  t is  thickness  of  screen;  k = V T<o  jitr  — the 

coefficient  of  eddy  currents. 

Analyzing  formula  (2.8),  it  can  be  noted  that  the 
coefficient  of  reaction  the  greater,  the  greater  the 
nonconformity  between  the  wave  dielectric  resistance  ZB  and 
of  aetal  Daring  the  weak  screening  effect  P * o,  i.e., 

the  screen  does  not  reflect  energy.  During  “he  powerful 
screening  effect  of  the  magnetostatic  screens  P = » and 

of  electromagnetic  p = ♦ 1. 
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Nonmagnetic  and  magnetic  screens  possess  the  different 
reflecting  properties,  which  depend  on  the  shielding  nature 
of  nonnagnetic  and  magnetic  materials.  This  position  is 
visually  illustrated  fcy  Table  2.1  and  Fig.  2.2,  where 
corrected  values  of  the  coefficients  of  the  reaction  of 
steel  and  copper  screens.  The  coefficient  of  the  reaction 
of  copper  varies  from  0 to  1 ; P of  steel  depending  on 
frequency  undergoes  more  complex  change. 

Page  51. 

In  the  range  of  low  frequencies,  approximately  to  7-8  kHz, 
the  coefficient  of  reaction  has  negative  value,  then  it 
passes  through  0 and  begins  to  grow/rise,  being  fixed  to 
unity^  Thus,  p of  steel  has  two  characteristic  zones.  The 
first  zone  - the  negative  values  P (from  -1  to  0) 
corresponds  to  the  magnetostatic  mode/conditions  of  shadowing; 
in  it  small  surface  effect  and  equivalent  depth  of 
penetration  are  greater  than  the  thickness  of  screen  (0  > 

t) . The  second  zone  - the  positive  values  P (from  0 to 
♦1)  - corresponds  to  the  electromagnetic  mode/conditions  of 

screen.  Equivalent  depth  of  penetration  is  less  than  the 
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thickness  of  screen  (Q<0-  surface  effect  is  considerably 
increased.  Transition  of  one  zone  to  another  occurs  with  kt 
— Ot  7. 


Copper  screen,  as  all  other  nonnagnetic  screens,  has 
only  positive  values  of  P and  operates  cn  the  principle  of 
electronagnetic  shadowing. 


0 0 WOO'  0 +0  1,0  180W  —1  0 

0,1  0,0310  82°24'  0 + 0,03  0,2181  178  34'  —0,22+0,08 

1 0,2998  76°1 1'  0,07  +0,29  0,2246  167=13'  —0,2  +0  09 

10  0,9499  17=39'  0,91  +0,28  0,3927  92=00'  —0,014+0  39 

20  0,9845  9=04'  0,97  +0,15  0,5447  59=52'  0 28  +0,47 

40  0,9935  4°33'  0,99  +0,07  0,6577  35°07'  0 53  +0  37 

60  0,9958  3=02'  0,995  +0,05  0,6940  25=35'  0 63  +0,29 

80  0,9960  2=10'  0,996  +0,04  0,7145  22  16'  0 66  +0  27 

100  0,9962  P49'  0,96  + 0,03  0,7299  18=51'  0 69  +0  24 

110  0,9965  1°43'  0,9965+0,027  0,7371  17=>55'  0 70  -J-0,23 

130  0,9967  1°36'  0.9967+M25  0,7498  16=40'  0,72  +0,22 

150  0,9968  1°27'  0,9968+  0,023  0,7616  15=28'  0 73  +0  2 

1,0  0=00'  1,0  +0  1,0  0=00'  1.0  +0 


Key:  (1).  f , kHz.  (2).  Copper.  (3)i  Steel. 
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copper  and  steel  screen. 


Key:  (1).  Copper.  (2).  steel.  (3) 

■agnetostatic.  (4).  Hode/conditions 


Page  52- 


As  can  be  seen  from  curve/graph. 


coefficient  of 


Bode/conditions 
electr o magnetic. 


the  coefficient 


reaction  of  copper  is  greater  than  steel,  and  already, 
beginning  with  freguency  f = 20  kHz,  is  almost  egual  to 

unity'.  To  this  are  explained  the  high  characteristics  of 
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the  copper  and  other  nonmagnetic  screens  cn  the  attenuation 
of  reflection  (A „ copper  substantially  more  A0  steel).  The 
reactive  components  of  P have  a maximum  for  steel  with  f 
= 20  kHz,  and  for  copper  with  f = 1.9  kHz. 


From  the  formulas  of  calculation  P,  it  is  evident  that 

because  of  th  from  composite  argument  (kt)  the 
mod ule/mod ulus  of  the  coefficient  cf  reaction  has 
oscillating- increasing  character  (Fig.  2.3) , moreover  value  P 
(formula  2.8)  it  increases  with  an  increase  in  the 
coefficient  of  eddy  currents  (K=y  i<o  jio)  and  the  thickness  of 
screen  (t) . At  the  large  values  of  t,  the  coefficient  of 

reaction  does  not  depend  on  a further  increase  in  the 
thickness  of  screen.  This  means  that  in  this  case  the 

thickness  of  screen  is  greater  than  the  equivalent  depth  of 
penetration  of  field  into  the  metallic  thickness  of  screen 

(t  > 0). 


At  the  large  values  kt  the  reaction  of  screen  can  be 
determined  by  the  formula 

^ = ~7~t~  ' (29> 

LA  “t" 


This  formula  completely  coincides  with  the  formula  of 


the  calculation  of  reflection  coefficient,  widely  utilized 
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for  the  investigation  of  the  phenoaena  of  heterogeneity  in 
the  theory  of  electrical  circuits. 


2.3.  Analogy  between  to  the  processes  of  shadowing  and  by 
transmittings  of  energy  cn  electrical  circuits. 


The  physical  essence  of  the  phenomena,  which  occur  in 
electromagnetic  screens,  in  many  respects  is  similar  to  the 
processes,  which  occur  in  electrical  circuits  during  the 
propagation  of  energy  on  unifora  lines  with  mismatched 


loads.  Therefore  is  of  interest  the  comparison  of  the 
methods  of  the  calculation  of  the  screens,  which  are  based 
on  the  solution  to  the  fundamental  eguaticns  of 
electcodynaaics,  with  the  methods  of  circuit  design,  used  in 
electrical  engineering  and  in  the  courses  of  the  theory  of 
electric  coupling  (Fig.  2.4).  For  thris,  we  convert  (2.6) 
and  (2.8)  : 

At  = A„  + A0=  ln|i-  ~ln|chrf[l+'^(tf  + -iJ-) thief] 

*-•£-)**  . (2.10) 

1 + (" + -ir) ,h  ■“ 
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Pig.  2.3.  Character  of  change  in  coefficients  of  reaction 
with  increase  in  thickness  of  screen. 

Page  53. 


Passing  froa  the  recording  in  hyperbolic  functions  and 
to  exponential  functions,  we  will  obtain  value  Aa  in  the 
following  form: 


At  = In 


-Kt 


A 


= In 


(2  + tf  + ||  + -^(2-lV-4)| 

c*  (*+«)«  £— (N  — I)* 

4N  AN 


Replacing  N with 
converting  expression, 

A,  = In 


the  values  of  wave 
we  will  obtain 

e**/  ^±4  V— e-*  ( Z*Zh?  )*  . 

' 2 } ztzM ) 2 i zA  zu  1 


impedance 


and 


I ? M 


----  - » 


M 
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After 

carrying  the  first 

term 

for  brackets 

and 

piecemeal 

taking 

the  logarithm  of. 

we  will  obtain 

A, 

- ~ + 21  nl  Z*  + z"  i 

Vi  12  yzAzu\ 

|-f  InJ  1 — 

/ — Z,  \*  _2«f  1 

1 zA + zH)  r 

(2.11) 

This 

formula 

completely 

corresponds  tc  the 

formula  of 

the  calculation 

of  the  attenuation 

of  the  circuit  with 

mismatched 

loads. 

widely  used 

in 

theory  of  the 

electrical 

circuits: 


Op  = a/  + 21n 


ZA  +ZB 

2 XTThs 


4-  In 


1 — 


ZA  ZB 
ZA  + ZB 


where  ZB  and  ZA  _ are  the  line  characteristic  and  load 
respectively;  l — is  length  of  line;  7 is  a propagation 
factor-  This  fornula  consists  of  three  terns,  where  first 
tern  is  the  non-reflection  attenuation  of  line  (al),  the 
second  - supplementary  attenuation  of  reflection  as  a result 
of  the  impedance  mismatch  of  loads  with  the 
resistor/resistance  of  lines,  the  third  is  supplementary 
attenuation  of  reflection  due  to  the  interaction  of 
mismatches  in  the  beginning  and  end/lead  of  the  subsequent 


component 


waves 
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Fig-  2.4.  To  comparison  of  methods  of  calculation  of 
screens  and  circuits. 


Key:  (1).  Screen.  (2).  Line. 


Page  54. 


During  the  considerable  energy  absorption  by  the  screen 
when  kt  > 3 (reflected  energy  does  not  exceed  5o/o) , we 


will  obtain 


p N — l Z)  — Zu 

“ N + 1 ~ Z„  + Z« 


This  be  the  value  of  reflection  coefficient,  widely 
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utilized  for  the  investigation  of  the  phenomena  of 

heterogeneities  in  electrical  circuits'.  The  physical  essence 
cf  the  phenomena  of  shadowing  in  question  and  the  obtained 

mathematical  analogy  make  it  possible  to  make  following 
conclusions.  The  process  of  the  passage  of  electromagnetic 
energy  through  the  screen  is  analogous  to  the  process  of 

the  propagation  of  energy  along  electrical  circuit. 

Difference  consists  in  the  fact  that  in  lines  is 
investigated  energy  of  the  transmission,  and  in  screens 
energy  of  effect.  During  the  investigation  of  screens,  is 

examined  the  motion  of  energy  not  along  line,  but  it  is 

perpendicular  to  it,  from  perturbation  source  (circuit)  and 
to  screen  it  is  further  through  the  screen  into  the 
shielded  space. 

So  both  with  propagation  of  electromagnetic  energy  along 
non-uniform  circuit  and  during  motion  in  radial  direction  is 

necessary  to  consider  two  factors:  the  attenuation  of  energy 
in  metallic  thicker  screen  (An)  and  the  attenuation  of 
reflection  at  a boundary  dielectric  - screen  - dielectric 
(.40)./4n'  in  connection  with  the  theory  of  lines  corresponds 
to  the  attenuation  of  energy  in  line  itself  (a/),  a A0 
because  of  the  nonconformity  of  the  wave  impedance  of  the 

different  sections  of  non-uniform  circuit.  Electromagnetic 
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energy,  after  achieving  screen,  partially  is  passed  through 
it,  somewhat  attenuating  in  this  case,  and  partially  it  is 
reflected  in  the  first  boundary  dielectric  - screen.  In 
boundary  the  screen  - dielectric  the  part  of  the  energy 
again  is  reflected,  and  part  penetrates  on  screen. 

Reflection  and  the  passage  of  the  electromagnetic  energy 
through  the  screen  can  be  presented  in  the  fora  of 
repeated  process  and  mathematically  it  is  possible  to 
express  in  the  form  of  infinite  series.  In  analyzed  formula 
(2. 11)  the  first  term  characterizes  attenuation  in  thicker 
than  the  screen,  the  second  - screen  attenuation  because  of 

reflection  at  a boundary  (dielectric  - screen  - dielectric) 
fundaaental  component  wave,  and  the  third  term  considers  the 
attenuation,  which  occurs  because  of  repeated  reflections  at 
a boundary  of  the  subsequent  component  waves.  The  decisive 
role  during  shadowing  have  the  first  of  two  members. 

During  the  energy  transfer  on  wires,  the  effect  of 
reflection  is  extremely  undesirable,  while  during  shadowing 

the  presence  of  this  effect  gives  positive  result.  The  nore 

powerful  the  reflection  of  energy  on  boundaries  dielectric 
screen  - dielectric,  the  the  lesser  part  of  the  energy 
penetrates  the  shielded  space. 
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For  a screen  with  high  attenuation  fkt  > . 31  . the 


formula  of  shadowing  will  take  the  fora: 


T^l'  + T^  + i)]’ 


and  respectively  screen  attenuation  will  be  a*  = In  — = In  e*1 

s 


[,+t(*+tI| 


This  formula  can  be  given  to  the  fore. 


taken  for  the  calculation  of  the  electrical  circuits: 

A ,=  ln  eK<  {N  + 1)1  = ifLL  / -f-  21n  Zj  l}*  j . (2.13) 

The  obtained  result  has  very  convincing  physical 
treatment.  With  screen  with  high  attenuation  screen 
attenuation  will  consist  only  of  the  attenuation  of  energy 
because  of  energy  absorption  of  metal  (1st  term)  and 

attenuation  because  of  reflection  at  a boundary  (2nd  term). 
The  third  term  of  formula  (2.11),  that  characterizes  the 
screen  attenuation,  which  occurs  because  of  the  multiple 
reflections  of  the  subsequent  components,  here  does  not 
participate.  This  is  explained  to  the  facts  that  in  this 
screen  the  subsequent  components  cannot  influence  the  value 
of  screening  effect,  since  as  a result  of  high  attenuation 
their  value  is  very  low. 
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2.4.  Operating  principle  of  magnetic  and  nonmagnetic  screens. 


Hagnetic  screens  with  direct  current  and  in  the  range 
of  low  frequencies  operate  as  magnetostatic  according  to  the 


principle 

of  the 

closing/shorting 

of 

magnetic 

field 

in 

thicker 

than  the 

screen  due  to 

its 

increased 

magnetoconductance 

[p 

= 100  and 

is 

above,  formula 

(1-44)  ]. 

With  an 

increase 

of 

frequency. 

grow/rises  the 

role 

of  eddy 

currents. 

occurs 

the 

displacement 

of 

magnetic 

field 

from  the 

thickness  of  screen  and  its  increased  magnetoconductance 
loses  its  value.  Screen  passes  to  the  electromagnetic 
operating  mode  and  operates  just  as  nonmagnetic  screen, 
because  of  eddy  currents  in  thicker  than  the  screen. 


Nonmagnetic  screens  in  all  frequency  spectrum  operate  as 


electromagnetic,  i.e. , 

according 

to  the 

principle 

of  the 

onset  in 

them  of  the 

eddy  currents.  Kith  direct 

current 

they  do 

not  possess 

the  electromagnetic 

shielding 

properties 

Kith  an 

increase  of 

frequency. 

screening 

effect 

grow/rises 

[formula 

(1.45)  ]. 

, W - 


a- 
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The  graph/diagram  of  the  frequency  dependence  of 
magnetic  and  nonmagnetic  screens  is  given  in  Fig.  2.5.  On 
curve/graph  are  visible  three  characteristic  frequency  zones. 
In  the  first  zone  from  0 to  f = 3-10  kHz,  magnetic 
screen  works  in  magnetostatic  node/conditions  and  possesses 
the  best  shielding  properties,  than  nonmagnetic  screen.  In 
the  second  and  third  zones  both  screens  are  located  in 
electromagnetic  node/conditions.  But  in  the  second  zone  from 
fj  to  f2  ~~  106  Hz  nonmagnetic  screen  has  larger  screening 

effect  than  magnetic  one,  but  in  the  third  zone  from  f2  = 
10 6 Hz,  is  above  of  curve/graph  clearly  evidently  the 


superiority  of  steel 

screen. 

This 

is  caused 

by  the  facts 

that  magnetic  screens 

absorb 

veil 

energy  and 

they  very 

badly/poorly  reflect 

\A*>A0\ 

Of 

nonmagnetic 

materials,  on 

the  contrary,  A0>A„. 

Page  56. 

Frequency  0.8-1  HHz  is  the  frequency  of  section,  lower  than 
which  predominates  the  attenuation  of  reflection  above  the 
attenuation  of  absorption  (j40>-4n),  a above,  vice  versa  A„>A0. 
Therefore  in  the  lover  frequency  region,  where  screening 
effect  is  determined  by  the  attenuation  of  reflection, 
copper  screen  is  noticeably  more  effective  than  steel.  In 
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the  range  of  high  frequencies  (0.8-1  MHz  is  above),  where 
begins  to  predominate  the  attenuation  of  absorption,  it  is 
tetter  to  apply  steel  screen.  This  position  is  visually 
illustrated  by  Pig-  2.6#  where  is  given  the  calculation  of 
values  Aai  Ao  and  A,,  for  the  copper  and  steel  screens  with 
a thickness  of  0.1  an. 


2.5.  Comparison  of  the  screens  of  different  constructions. 


In  technology  of  communication/connect ion  and  radio 
engineering,  have  extensive  application  all  three  fundamental 
structural /design  varieties  of  the  screens:  flat/plane, 
cylindrical  and  spherical  (Fig.  2.7).  The  screening  constant 
of  these  screens  is  determined  by  formula  [2] 

5 =—  . 

ch  Kt 

where  A , = Za/ZM. 

Difference  consists  only  of  the  value  of  the  wave 
impedance  which  enters  in  parameter  N.  The  wave  impedance, 
®*®rted  by  dielectric  medium  (air)  to  the  different  forms 
of  waves,  is  expressed  by  the  formulas: 


1 
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Co 

S.JM  n/IOCKOfi  BOJIHfal  Z 

(2) 


:j  = io>(i  2rJ^rjifi  r%- 


AJIH  UH^HH^pHWeCKofl  BO.THIJ  Za= 

(to  " - " 

ctpepHiecKofi  bojihu  Zc  = ~Lr-* 
* V?  n 


K«j:  (1).  for  a 

cylindrical  wave. 


plane  wave. 

(3).  for  a 


• (2.14) 


(1*).  where.  (2). 
spherical  wave. 


for 
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Fig.  2.5.  Effectiveness  of  shadowing  cf  ncnnagnetii 
magnetic  screens. 

Key:  (1).  Np.  (2).  Nonmagnetic.  (3).  Magnetic.  (<-/.) 

Fig.  2.6.  Screen  attenuation  of  absorption  {A„j  and 

reflection  (A„)  of  copper  and  steel  screens. 


Key:  (1).  Steel.  (2).  Copper.  (3)  MHz-  (4).  Np. 
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Page  57. 

The  wave  impedance  of  metal  is  determined  by  expression 

ZM=l  im  n o. 

Comparing  the  values  of  the  wave  dielectric 
resistance  of  flat/plane,  cylindrical  and  spherical  screens, 
it  can  be  noted  that  they  are  expressed  by 
relationship/ratio  (with  n = 1):  Zna\Zl:ZcA  = : -y  . 

For  the  virtually  interesting  us  frequency  spectra  and  the 
constructions  of  screens  there  is  inequality  N > 1/N.  Then 

the  effectiveness  of  the  shadowing  of  flat/plane,  cylindrical 
and  spherical  screens  will  be  expressed  by  the  approximately 
following  relationship/ratio: 

S":SB:SC=  1:2:3.  (2.15) 

Thus,  if  the  screening  constant  of  flat/plane  screen  is 
accepted  for  unity,  then  the  screening  constant  of  cylinder 
will  be  two  tines  of  more  than  S"  = 2S",  a sphere  (sphere) 
three  tines  — St=3Sn.  Since  the  screening  effect  of  screen 

the  greater,  the  lesser  value  S,  on  screening  effect  the 

indicated  three  fundamental  structural/design  varieties  of 
screens  it  is  possible  to  arrange  in  the  following 
sequence:  flat/plane  screen,  cylinder,  sphere.  This 
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relationship/ratio  is  correct  for  the  screens,  prepared  from 
identical  netal  and  with  the  equal  vail  thicknesses, 
moreover  the  distance  between  the  parallel  plates  of 

flat/plane  screen  equal  to  the  diaaeter  of  spherical  or 
cylindrical  screens  (l=2ra). 

The  advantage  of  cylinder  in  comparison  with  sphere 

and,  in  turn,  flat/plane  screen  in  comparison  with  both 
these  constructions  is  caused  by  the  facts  that  the  plane 
wave  has  better  relationship/ratio  of  the  wave  dielectric 
resistance  and  aetal  ^ = Za/ZM,  and  therefore  occurs  larger  wave 
reflection  on  boundaries  dielectric  - screen  - dielectric 
and  with  respect  is  provided  larger  screening  effect  of 
reflection  (S0) . Taking  into  account  that  screen  attenuation 
40  ia  connected  with  screening  constant  formula  4o  = ln  -j- 
aad  atilizing  an  equivalent  given  above  Sn:SB:Sc=  1:2:3,  it  is 

possible  to  determine  comparative  effectiveness  of  different 

screens  (flat/plane,  cylindrical,  spherical)  in  nepers. 

[ 

! 
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of  the  fora  of  screen  is  very  valuable  fact,  since  it 
allows  in  the  practice  of  calculation  and  constructions  of 
screens,  and  also  during  the  deter minaticn  of  the 

effectiveness  of  the  existing  screens  to  apply  the  given 
formulas  of  the  shadowing  of  flat/plane,  cylindrical  and 
spherical  screens  to  the  screens,  close  to  them  in 

construction.  Thus,  for  instance,  if  there  is  a longitudinal 

screen  with  rectangular  cross  section,  then  it  it  is 
possible  to  replace  with  cylindrical  screen,  if  its  sides 
are  approximately  equal,  and  to  planes,  if  it  has  sharply 
pronounced  fora  of  rectangle.  The  screens  of  the  different 
layout,  which  have  by  all  three  coordinates  almost  differing 
extent,  one  should  for  calculation  replace  by  equivalent 

spherical  screen. 

For  magnetic  screens  operates  reverse/ inverse  law.  In 
this  case  between  the  screening  constants  of  flat/plane, 
cylindrical  and  spherical  screens,  there  is  the  following 

equivalent: 

1:-1  : ^ . (2.16) 

* w 

i.  e.  on  screening  effect  on  the  first  place  is  located 

sphere,  then  cylinder  and  finally  flat/plane  screen.  This 
position  has  the  following  physical  explanation.  Magnetostatic 
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screen  operates  on  the  principle  of  the  closing/shorting  of 
magnetic  flux  in  magnetic  mass  of  screen-  The  lesser  the 
resisfcor/resistance  of  screen  to  this  flow,  that  more 
screening  effect.  The  construction  of  screen  in  the  fora  of 
sphere  or  cylinder  more  fully  satisfies  this  requirement  in 
comparison  with  flat/plane  screen- 


•+rmr~ 
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Page  59.  2.6.  Screening  effect  of  shells  of  relatively 

outside  interferences. 


Previously  given  theory  and  the  derived  formulas  are 
valid  only  for  the  shadowing  of  bilateral  circuits,  which 
are  located  in  the  conmon/general/total  joining  of  cable, 
when  there  is  no  ground  effect  and  the  distance  between 
circuits  (but)  , as  a rule,  it  is  less  than  distance  from 
circuits  to  the  earth/ground  (h) , i-e-,  a < h.  Screening 
effect  is  caused  only  by  the  attenuation  of  absorption  An 
and  by  the  attenuation  of  reflection  A0.  These  phenomena 
are  connected  with  vortex/eddy  transverse  currents  in  the 
shielding  shell. 


If  the 

distance 

between 

that 

wh  ich 

affects  and 

that 

subjected  to 

effect 

circuits 

is 

more  their  distance 

of  the 

earth/ground 

(a  > h) 

or  if 

is 

utilized 

asymmetric 

system 

(with  the  earth/ground  as  the  return  conductor) , then, 
besides  components  and  40.  caused  by  transverse  currents. 


one  should 

consider  also  the 

screeqiag  effect 

caused 

by 

the 

longitudinal 

currents,  flowing 

in  the  shielding 

shell 

A.. 

The 

longitudinal  currents,  induced  by  the  affecting  circuit, 
create  in  the  shielding  shell  the  reverse  field  of 


' 


reaction,  the  weakening  field  of  interferences.  Screening 
effect,  caused  by  longitudinal  currents,  reaches  the 
significant  magnitude  in  the  case  of  the  grounding  of  the 
shielding  shell.  This  phenomenon  occurs  in  metal  cable 
sheathings  during  the  shadowing  the  latter  from  the  external 
sources  of  the  interferences,  for  example,  of  the  high-wave 
lines,  contact  circuits  of  the  electrified  transport, 
powerful  radio  stations  and  other  eguipment/devices,  which 
create  the  external  mixing  field. 


Screening  effect  of  metal  shells  in  the  effect  of  the 
external  sources  of  the  interferences  (Fig-  2-8)  will  be 
defined  as  A3=A„  + A0+Az.  Values  Au  and  A„  see  in 

formula  ( 2. 10)  . 

Let  us  examine  screening  effect  caused  by  the 

longitudinal  currents  metalclad,  which  take  place  on  circuit 
the  earth/ground  - shell  - the  earth/gr ourd. 

The  screening  constant  of  metal  cable  sheathing 
relatively  outside  interferences  is  deternined  by  formula  [7] 


where  Zt2  is  coupling  resistance  of  the  shielding  shell; 

Zo6—  is  impedance  of  circuit  "shell-ground". 


DOC  * 70000203 


PIGS 


/M 


Fig.  2.8.  To  determination  of  screening  effect  of  relatively 
outside  interferences. 


Page  60. 


Value  Zo6  is  composed  of  the  internal  resistance  of  the 
shielding  shell  Z„  and  of  resistor/resistance  Z„„,  caused  by 
magnetic  field,  caused  by  the  current,  which  takes  place  on 
the  shell 

Zo6  — Z3  + Z,,H  = Z,  - i (2.18) 


where  lBn—  is  external  inductance  of  circuit  "shell  is 

the  earth/grouod".  Then 
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The  attenuation  of  shadowing  will  be  determined  as 
follows: 

^—  = ln  t-  | = In  £ + In  l + . (2.21> 

Obh  | L 3 

First  tern  of  this  expression  corresponds  to  the  attenuation 
of  absorption  An.  It  is  really  /actually: 


where  ZM  = V iwp/a—  the  wave  impedance  of  metal;  K=  y i(l)(1(J_ 

the  coefficient  of  eddy  currents;  t is  thickness  of  the 

shielding  shell;  rif  r2  - inside  and  external  radii  of 

z 

shell'.  Then  In  ^ = In  | = .4n.  The  attenuation  of  the 
shadowing  of  shell  in  the  aode/condit ions  of  protection  fron 
outside  interferences  will  be 

/4,„  = In|ch/d[  + ln  1 + = |fl  |ch  Kt  | + In  1 -j-  } u>L*»2nr^^t 

2,  Z„ 

(2.24) 


This  expression  is  included  all  three  components  of  the 
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screening  effect:  A»  m=An+A0+Az. 


The  attenuation  this  sane  of  shell  in  the 

aode/conditions  of  protection  fron  interferences  of  bilateral 

circuits  it  is  possible  to  determine  of  expression  ^,  = ln  |chK<|  + ln 
1 Z I 

• + ~j-  -th>c< | , where  the  first  term  - the  attenuation  of 
absorption  (An),  a the  second  - the  attenuation  of  reflection 
(A o)  , i.e.,  A3=Au  + A0- 


for  determining  value  Az  compare  these  two  for  aulas  4™ 


an  d Aa: 


ax  ^a  "i" 


(2.25) 


where 


2n  r 

1 + i a)  L„  ——  th  k t 

nr — 


(2.26) 


Page  61. 


We  convert  expression  (2.26)  in  connection  with 
high-frequency  and  low-frequency  ranges.  Fcr  a low-frequency 
range  (with  kt  ^ 0.25)  approximately  to  3 kHz,  , 
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be  ar  in  g in 

mind 

that  th  kt 

kt,  ZsZ\,  — h 

obtain 

A2  — In 

2a  r 

1 - i u>  Z.BH  — t*1  k1 

= In  | 

1 — i at  Lm 2.*i  r o f 

1 th/v/ 

2 ZM 

1 ~ T kS  0 ^ 

He  will 


(2.27) 


This  expression  to  expedient  convert  and  to  express  by 
parameter  R„  (resistor/resistance  of  shell).  Bearing  in  mind 
that  the  resistor/resistance  of  shell  to  direct  current 
equally  to  Ro=  ’ we  Mil1  obtain 


A,=  In 


l + 


4n  R0 


or 


A:  — In 


Ro  i to  L BH 


Ro  + 


4n 


(2.28) 


Since  HU  = HoM  = 4.nlO-7p.  H/B' 


A,=^  In 


Rp  i ^ 1»H 

R0  + i tofi  10~7 


^ •) 
nen. 


Key:  (1).  *p- 
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For  a high-frequency  range  (with  kt  > 3),  beginning 

approximately  from  10  kHz,  bearing  in  mind  that  the  second 
term  is  greater  than  one,  we  will  obtain 


Az  — In 


i 2.*x  r 

l a)  lbm  th  Kt 


_L£a 

2 Zu 


th  «t 


— In 


i u>  L,„  4n  r 

T, 


(2.29) 


Since  wave  dielectric  resistance  Za=iwpt>r, 


4n^ 

= In 

4ji  , 

1*0 

4rx  10  7 

= In  I L„  107|.  wn,  (2.30) 


Key:  (1)-  Np.  where  ^bh  is  external  inductance  of 

circuit  ••  shell-ground",  H/m,  determined  by  formula: 


Key: 


In- 


1.72 


t u 


fiD 

(1)-  H/n. 


i -y  ] 10  7 , ZHjM,  (2.31) 


where  h is  a depth  of  the  laying  of  cable,  m;  D - the 
diameter  of  cable,  mm;  # is  the  specific  conductivity  of 
the  earth/ground.  S/m;  p3  - magnetic  permeability  of  the 
earth/ground,  equal  approximately  p0  = 4v*10“7  H/n.  Bearing 
in  mind  that  the  external  inductance  of  shell  is  equal  for 
the  tone  frequencies  approximately  2* 10”3  H/m  (2*10_*  H/m), 

we  will  obtain  the  attenuation  of  shadowing  because  of  the 
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longitudinal  currents:  A2  = In  | • 107 1 = ln(2- 10-®- 107|  =3  Np. 

Page  62. 


Figures 

2.9  gives 

coaputed  values  a:. 

Here  for  a 

comparison 

are  shown 

values 

A3  and  Anm- 

Calculations 

are 

ca rried 

o ut 

for  the 

copper 

screen  with  a 

diameter  of 

30 

mm,  by 

t he 

thickness 

of  0- 

2 mm.  From  the 

figure  one 

can 

see  that  the  shielding  shell  in  the  aode/conditions  of 
protection  from  outside  interferences  (.4aBH)  has  higher 

shielding  properties,  than  in  the  aode/conditions  of 
protection  from  interferences  of  bilateral  circuits  (A-*)- 

Excess  caused  by  attenuation  length  of  the  shadowing  of 
longitudinal  currents  is  approximately  2-2.5  Up  in  all 

frequency  band.  At  high  frequencies  value  A.  is  determined 
only  by  the  external  inductance  of  circuit  "shell-ground". 

With  an  increase  in  the  frequency,  the  shielding 
characteristics  -4,,H  and  A»  increase,  whereas  A.  at  high 
frequencies  has  slowly  dropped/collapsible  character. 
Calculations  show  that  a pproximatel y to  the  frequencies  of 
15-20  kHz  prevails  the  attenuation  of  shadowing  because  of 

longitudinal  currents  (A2),  a aore  than  it  manifests  itself 
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the  effect  of  transverse  eddy  currents  (A,). 


Thus,  knowing  the  effectiveness  of  screen  from 

(A*  = An-{-Ao) , 

interferences  of  bilateral  circuits  it  is  possible  by 

* ■ i 

oeans  of  the  addition  of  value  Az  to  determine  the 
characteristics  of  this  screen  in  the  mode/conditions  of 
protection  from  outside  interferences  (A3,a=Aa+At). 


2-7.  Special  feature/peculiarities  of  the  shadowing  of 
coaxial  cables. 


Jn  coaxial  cables  the  screens  are  applied  for  the 
protection  of  circuits  from  mutual  and  outside  interferences. 
Shadowing  makes  it  possible  to  conclude  several  coaxial 
lines  to  common/general/total  outer  covering  and  to  realize 
a transmission  along  single-cable  system.  Multichannel 
communicating  systems  and  the  telecasts  of  direct/straight 
(A-B)  and  opposite  (B-A)  directions  are  placed  in  one 
cable* 

The  screening  effect  of  coaxial  cable  is  completely 
caused  by  the  structural/design  and  electrical  data  of  the 


- 
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external 

wire 

of  cable.  External 

mire  is  the  return 

conductor 

of 

the  circuit  of  transmission  and  performs 

the 

role  of 

the 

electromagnetic  screen,  which  shields 

coaxial 

circuit 

f roa 

interferences.  For 

this  very  reason 

the 

external 

wire 

of  coaxial  cable 

is  designed  both 

for 

the 

passage 

of  communication  signals 

along  cable  and 

for 

the 

provision 

for 

the  required  norms 

cf  interference 

sh ielding 

_1 


T 
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Pig.  2.9.  Screening  effect  of  shell  in  conditions  of 
protection  from  outside  interferences  and  in 

node/conditions  of  protection  from  interferences  (A,) 


Key:  (1).  Np.  (2).  f#  kHz. 


Page  63. 


During  transmission  on  to  coaxial  cables  least  shielded 


from 

noise 

is 

t he 

low 

frequency 

spectrum  of  the 

order  to 

50-60 

kHz, 

and 

in 

the 

range  of 

high  frequencies. 

the 

protection  of  circuits  fron  interferences  is  very  great.  In 
bilateral  circuits,  on  the  contrary,  with  an  increase  in 
the  frequency  the  mutual  interaction  between  circuits 
grow/rises  and  protection  against  outside  interferences 


falls. 
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The  character  of  the  frequency  dependence  of  noise  current 
in  cpaxial  and  bilateral  circuits  is  given  in  Pig-  2-  10. 
These  phenoaena  in  coaxial  circuits  are  explained  by  the 
fact  that  due  to  proximity  effect  the  current  density  in 
the  external  wire  of  coaxial  cable  increases  towards  its 


internal  surface.  Hith  an  increase  of  current  frequency,  has 
a tendency  to  be  concentrated  on  the  internal  surface  of 


external 

wire. 

a nd  on 

its 

externa  1 

surface 

tightly  decreases 

(Fig.  2. 

11)  . 

Therefore 

with 

an  increase 

in 

the  frequency. 

deer eases 

the 

st  rength 

of 

field  Ei 

on 

the 

external  surface 

of  wire 

and 

gro  w/rises 

the 

effect 

of 

the 

self-protection  of 

coaxial  cable. 


At  the  very  high  frequencies  when  entire  current  is 
concentrated  within  coaxial  cable,  the  strength  of  field  of 
outside  cable  approaches  zero,  screening  effect  reaches 
■axiaun,  and  the  interaction  between  circuits  theoretically 
is  absent. 

In  accordance  with  determination  by  datum  in  Section 
1.1,  the  screening  constant  is  determined  by  the  expression 

5 = — = — , (2.32) 

EH 


where  £*  and  H9  — are  strengths  of  field  with  the  presence 
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of  screen;  E and  H - in  the  absence  of  screen. 

In  connection  with  coaxial  cable,  taking  into  account 
that  the  thickness  of  external  conductor  (screen)  is 
insignificant  in  comparison  with  the  coaion/general/total 
section  of  cable,  value  E^H1)  and  E (H)  it  is  possible 
to  replace  with  strength  by  the  external  and  internal 
surfaces  of  external  wire  - the  screen  of  cable. 
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Fig,  2.10.  Preguency  dependence  of  nixing  effect  in  coaxial 
(2)  and  symmetrical  (1)  cables. 

Fig.  2.11.  Longitudinal  component  of  electric  field  in 
thickness  of  external  wire  (screen)  of  coaxial  cable. 

Page  64. 

In  this  case,  it  is  most  expedient  to  operate  with  coaxial 
components  electric  field  £.•  Then  tire  screening  constant  of 
coaxial  cable  is  expressed  by  the  relaticgship/ratio 

y 

5 _ E*  (nPw  r 0 (2.33) 

Ez  r3) 

Key:  (1).  with. 

Values  of  coaxial  cable  are  determined  with  the  aid 

of  the  equations  of  electrodynaaics  in  cylindrical  coordinate 
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system.  Hhe  longitudinal  component  of  electric  field  at  any 
point  of  the  section  cf  external  mire  - the  screen  of 
coaxial  cable  is  determined  by  formula  [5] 

£,  = Zu ch  f*  '-'■>!  f (2.34) 

2n  } r3r  sh  Kt 


where  Z„=\  hop/a  — is  wave  impedance  of  metal  - screen;  /c=V  iwpo  — 
- the  coefficient  of  eddy  currents;  ra—  is  an  inside 
radius  of  screen;  t is  thickness  of  screen;  I - the 
current,  which  takes  place  on  external  wire;  r is  the 
current  radius. 


Values  Ez  when  and  r»+t  are  determined  by  the 

following  formulas: 


E,  = 4i  - — ch  Kt  npH  r = r3 

' Q) 

E _ 7 ' _ 1 npw  r=r3+t 

1 H 2n  Y (r»+0  sh  id 


Key:  (1).  with. 


Respectively  the  screening  constant  of  coaxial  cable 
will  be  expressed  as  follows; 


£ E,  (npw  rf  + t)  _ 1 

Ez  (urh  r,)  ch  Kt 


(2.36) 
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Key:  (1).  with.  It  is  here  taken  into  account,  thai 


The 

screen  attenuation  of  coaxial 

cable 

will  be 

A,  = In 

l 

s 

= In  | ch  Kt  \. 

(2.37) 

In 

the 

range  of 

high  frequencies. 

when 

kt  ^ 3,  it  is 

possible 

to 

use  the 

entreated  foraula 

m 

II 

= \V i copo  1 1 . 

(2.38) 

Comparing  the  obtained  expressions  S and  Aa  for  the 

calculation  of  the  shielding  properties  of  coaxial  cables 
with  analogous  expressions  for  calculation  S and  Aa  of 
balanced  cables,  it  can  be  noted  that  the  shadowing  of 
bilateral  circuits  is  determined  by  total  screening  effect 
cf  absorption  (S„)  and  of  the  shadowing  of  reflection  (S0). 

In  coaxial  circuits  operates  only  the  shadowing  of 
absorption  |Sn=l/ch/c/|. 

Page  65. 

This  is  caused  by  the  facts  that  in  coaxial  cables  the 
current  directly  passes  along  screen  (to  external  wire),  and 
in  bilateral  circuits  screen  is  located  in  the  sphere  of 
influence  of  electromagnetic  field,  created  by  the  current. 


which  takes  place  on  the  shielded  circuit.  Therefore  action 
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of  the  screen,  utilized  in  the  mcde/conditions  of  the  wort 
of  coaxial  cable,  gives  smaller  effect  than  in  bilateral 
circuit-  At  the  same  material  of  screen,  its  thickness  and 
current  frequency,  screening  effect  in  symaetrical  and 
coaxial  cables  differs  by  attenuation  length  of  reflection 
(*o)  • However,  this  not  that  means  that  the  mixing  effect 
iq  the  shielded  bilateral  circuits  is  less  than  in  coaxial. 
On  the  contrary,  the  interference  shielding  of  coaxial 
cables  is  above,  since  the  field  of  the  interferences  of 
the  balanced  cables  is  substantially  more  than  coaxial  ones. 
Therefore,  although  screening  effect  of  balanced  cables  is 
greater  than  coaxial,  their  interference  shielding  is 
considerably  below. 


Table 

2.2  gives 

given 

data 

of 

the  attenuations  of  the 

shadowing 

of  coaxial 

cables 

in 

the 

range  of  the  frequencies 

of  30-550  kHz  with  thickness  of  boundary  of  screen  0.  1 mm. 
The  attenuation  of  shadowing  increases  from  frequency.  The 
best  effect  gives  the  steel  screen,  worst,  i.e.,  lead. 
Moreover,  if  of  nonmagnetic  screens  with  an  increase  of 
frequency  the  attenuation  of  shadowing  evenly  grow/rises, 
then  in  steel  screen  this  growth  is  slower. 


3E" 
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table  2.2.  Screening  effect  of  the  single-layer  screens 
coaxial  cable  (.4,),  *P* 


of 


f. 

c*o 

Mejb 

1 

~JT) 

AjuohhhhII 

— rw~ 

Cbmhcu 

30 

0,25 

0,15 

0,02 

3,44 

60 

0,46 

0,29 

0,04 

3,99 

100 

0,71 

0,46 

0,07 

5,54 

310 

1,67 

1,15 

0,20 

6,24 

550 

2,45 

1.73 

0,35 

6,83 

Key:  (1).  f,  kHz.  (2).  Copper.  (3).  Aluninun.  (4).  Lead. 

(S).  Steel. 


DOC  = 78000204 


PAGE  X 

/** 

Chapter  3. 


MULTILAYER  COMBINED  SCREENS. 


3.1.  Operating  principle  of  multilayer  screens. 


The  electromagnetic  screens  of  the  combined  multilayer 
construction  are  applied  when  is  necessary  the  high 
screening  effect.  Screens  consist  predominantly  of  the 
consecutively  alternating  nonmagnetic  (copper,  aluminum)  and 
magnetic  (steel.  Permalloy)  layers.  The  special 
feature/peculiarity  of  such  multilayer  screens  is  the  high 
shielding  effectiveness  and  comparatively  low  losses  of 
energy  in  screen.  These  advantages  are  explained  as  follows. 
In  the  examination  of  the  uniform  screens  of  electromagnetic 
action,  it  was  establish/installed  that  screening  effect  is 
determined  by  the  combined  action  of  the  shadowing  of 
absorption  Sn  and  of  the  shadowing  of  reflection  S0  on 
boundaries  dielectric  - aetal  - dielectric.  The  effect  of 
reflection  is  caused  by  the  nonconformity  of  the  wave 
characteristics  of  the  joining  mediums  (Za  and  ZM),  and  the 
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greater  this  nonconformity,  that  the  more  screening  effect. 
In  this  case  energy  of  interferences,  encountering  in  its 
path  this  electrical  nonconfornity  (Za^ZM),  partially  it  is 
reflected  and  only  partially  it  passes  into  the  shielded 
space.  This  phenomenon  will  serve  as  initial  torgue/moment 
for  construction  and  applying  the  multilayer  combined 
screens.  In  the  aultilayer  screen,  comprised  of  metals  with 
different  wave  impedance  ZM,  operates  the  whole  system  of 
such  multiple  reflections  fron  the  boundaries  of  electrical 
nonconformities  (ZM1^fcZ^=jfcZMS^fcZM4  so  forth).  Therefore  the 

screen,  which  consists  cf  several  thin  layers  of  different 
metals,  will  possess  the  larger  effectiveness  of  shadowing 
in  comparison  with  the  uniform  screen  of  equivalent 
thickness. 


As  can  be  seen  from  Fig.  3.1,  in  single-layer  screen 
there  are  two  boundaries  (air  - metal  and  metal  - air)  of 
reflection,  but  in  the  three-layered  of  such  boundaries, 
four,  are  added  an  additional  two  boundaries  between 


different  metallic  layers 


*)  a)  ZH  * z» 


Fig.  3.1.  Effect  of  reflection  in  single-layer 
three- layered  (b)  screens. 
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Essential  are  the  order  of  banding,  their  electrical 
combination,  the  relationship/ratio  of  thickness  of  the 
layer,  and  also  place  with  respect  to  the  affecting 
circuit.  Thus,  for  instance,  combination  steel-copper-aluminum 
gives  noticeably  smaller  effect  than  copper-steel-aluminum.  If 
exterior  layers  of  multilayer  screen  are  made  from 
nonmagnetic  materials,  then  losses  in  it  are  comparatively 
small. 


It  would  be  possiole  to  solve  the  problem  of  the 
multilayer  combined  screens  on  the  basis  of  the  solution  to 
differential  equations  for  each  layer  and  the  determinations 
of  integration  constants  from  the  boundary  continuity 
conditions  of  the  corresponding  components  of  electromagnetic 
field.  However,  in  connection  with  the  large  number  of 
layers  (three  it  is  more),  this  is  very  cumbersome  and  it 
is  connected  with  indirect  conversions  and  computations.  For 
convenience  we  will  use  wave  principles  taking  into  account 
the  incident  and  reflected  waves.  In  this  case  the  incident 
wave  corresponds  mainly  to  the  field  of  the  source  of 
interferences,  and  the  wave  reflected  - to  a field  of  the 
reaction  of  screen.  The  examination  of  the  phenomena  of 

shadowing  by  "wave"  method  substantially  simplifies  the 
solution  of  problem  and  gives  the  demonstrative 


i - 
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representation  of  the  essence  of  the  processes  of  shadowing, 
especially  in  connection  with  multilayer  screens. 

3.2.  Shielding  characteristics  of  two-layered  screens. 


According  to  wave  method  the  physical  essence  of 
shadowing  lies  in  the  fact  that  electromagnetic  energy, 
after  achieving  screen,  partially  is  passed  through  it, 
somewhat  attenuating  in  this  case,  and  partially  it  is 
reflected  in  the  first  boundary  dielectric-screen  because  of 
the  nonconformity  of  the  wave  characteristics  of  dielectric 
and  metal.  In  the  second  boundary  (screen-dielectric)  the 


part  of  the 

energy 

again  is  reflected  and 

only 

the  part 

of  it  passes 

further 

. The  same  is 

repeated 

on 

the 

subsequent  boundaries 

of  multilayer 

screens. 

This 

process 

continues  to  the  complete  attenuation  of  the  refracted  and 
reflected  waves. 

Figures  3.2  shows  the  two-layered  screen  which  has 
thickness  of  the  layer  tj  and  t2  and  the  coefficients  of 
eddy  currents  k,  and  k2.  The  phenomenon  of  the  passage  of 
the  electromagnetic  energy  through  the  screen  according  to 
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Electromagnetic  waves  to  the  left  of 
In  this  range  operates  the  incident  wave 

interferences  E and  the  sum  of  the  waves 

of  the  reaction  of  screen  (E2,  E*.  . .., 

addition  of  fields  in  range  I will  make 

determine  the  reaction  of  screen  P. 


screen  (range  I). 
of  the  source  of 
reflected  because 

it  possible  to 


The  electromagnetic  waves  between  screens  (range  II). 
Here  acts  the  whole  system  of  the  repeatedly  waves 
reflected  from  both  words  of  screen  <E1#  E3,  . ..,  E^-i). 


Electromagnetic  waves  to  the  right  of  screen  (range 
III).  Here  are  summarized  the  waves,  passed  through  the 
screen  (E4,  E8,  ....  E4r|).  Screening  constant  is  determined 

in  the  form  of  the  ratio  of  the  fields,  passed  through 
the  screen  into  range  III,  to  the  field  of  the  source  of 
interferences  E. 


Reflection 

process  and 

refraction  cf 

electromagnetic 

waves  can 

be 

presented  in 

the 

following 

form.  On 

the 

surface  of 

the 

first  layer 

of 

screen. 

falls  the 

wave 

of 

the  source 

of 

interferences 

E. 

The  part 

of  the 

energy 

will 
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te  reflected  bask  into  range  I and  it  can  be  expressed 
through  the  coefficient  of  the  reaction  of  the  first  layer 

of  screen  in  the  fora  E2  = PtE'.  The  part  of  the 

energy  passes  into  range  II,  after  decreasing  proportional 
to  the  screening  constant  of  the  first  layer  of  screen  St, 
i.e.,  Ea  = S4  = SiE.  This  field,  after  entering  to  the 
surface  of  the  second  layer,  partially  will  be  reflected  E3 

= E1P2  = S*P2E,  and  partially  passes  into  the  shielded 

space  - range  III.  Passed  into  range  III  field  will  be 
determined  in  the  fora  E4  = S2Et  = SlS2E,  where  S2  and 
P2  are  screening  constants  and  reaction  cf  the  second  layer 

of  screen. 


Have 

being  reflected 

conversely. 

it  will 

cause 

in 

range 

I 

wave 

of  reaction  E* 

= 

E3Sx  = 

Sf  P2E 

and  in 

range 

II 

the 

incident  wave 

e5 

= E3P1 

* s*p1p2e 

. Th  is 

wa  ve 

partially 

passes  into  range 

III 

in  the 

form  E9 

= e5s2 

= 

S|S2Pt 

P2E, 

and 

partially  will 

be 

reflected  (E7). 

Ha  ve  E 

r 

will  cause  the  incident,  reflected  and  refracted  waves,  and 
so  this  process  can  be  continued  to  infinity.  It  is 

natural  that  all  the  entering  components  cf  this  series 
will  have  continually  decreasing  amplitude.  As  a result  it 
is  possible  to  write  that  in  range  I operates  the  field 
of  the  reaction  of  screen,  equal  to  the  sum  of  the  waves 
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of  the  type  E 


♦ 7}-* 


BEPLECTED: 


£°  = p)1£=£  Ein—2  = ^£+2  Pi  5?  ( W~2£. 


Suamarizing  this  secies,  we  will  obtain 


p„E-£[pI+T^y. 


Hence  the  coefficient  of  the  reaction  of  two-layered 
screen  can  be  expressed  by  the  coefficients  of  the  reaction 
of  separate  layers  (Pg  and  P2 ) : 


Pu=Pi+ 


1 - />,/>, 


Page  69. 


£n  range  ill  - in  the  shielded  space  - will  operate 
a whole  series  of  passed  through  the  screen  fields  of  the 


type  E*^: 


£*  = SWE  ==  V SA  ( W~l  P = SA  j-Lj-  E.  (3.3) 


Hence  the  screening  constant  of  two-layered  screen  will 
be  deterained  in  the  fora 


l - P,Pi 


utilizing  foraulas  of  calculation  S and  P of  unifora 


screens  [ f oraula  (2.6)  and  (2.8)]  and  after  substituting 
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tie.  into  expressions  for  P.,  and  s,a.  .a  .lu  obtai„; 


s„  -- 


I 


ch  ij/j  ch  t;/ j 

t 


X 


1 ~ 2 [ v‘  + Nl  ) ,h  'i>'>+  2 ( A’»  ~ ^ | ,h  **'*+  { f ^ + ~ ) th  Kj/j  lh  iV2  ’ 

1 I 3 (35) 

>u  _ 2 (~Vl~  ^ ) lh  Vi  - y (^i—  — ) th  M«+  y(  — — N, ) th  i,/,  th  Ay.. 

,+  t(jv‘+  jv“)  (h  K‘/,+  7 (**+  ) ,h  **'*+  7 (A's+^),h  *<'•  to  »v, 

(3-6) 


where  ktt,  and  k2t2  - the  parameters  of  the  first  and 
second  layers  of  screen;  N.  - Z*/ V ; n2  =2y?/Z^; 

n3  * Z^/Zyr],  - the  relationship/ratio  of  wave 
impedance. 


3-3.  Shielding  characteristics  of  multilayer  screens. 


The  shielding  property  of  screen,  which  consists  of 
three  and  larger  number  of  layers,  they  can  be  determined 


rr 
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with  the  consecutive  substitution  of  values  on  the  basis  of 
the  initial  positions,  examined  above  for  a two-layered 
screen.  Utilizing  formulas  of  the  calculation  of  two-layered 
screens,  we  consecutively  lead  multilayer  screen  to 
two-layered  and  we  determine  its  characteristic  (S  and  P) . 
Let,  for  example,  it  is  necessary  to  determine 


characteristics 

(S 

and 

P)  - 

Let,  for 

example,  it  is 

necessary  to 

determine 

the 

characteristics 

of  four-layer 

screen.  First 

we 

lead 

t wo 

layers 

to 

one 

two-layered  screen 

and  find  its 

S and  P. 

Then  we 

add 

the 

third  layer  and. 

counting  the 

first 

of 

two 

layers 

for 

one 

, we  find  through 

formula  (3.4) 

the 

total 

shielding 

characteristics  of 

three- layered  screen.  Finally,  we  sum  three-layered  screen 
with  the  fourth  layer  and  with  the  aid  cf  this  same 
formula  it  is  obtained  the  unknown  shielding  characteristics 
S and  P (total)  of  four-layer  screen-  This  method  of 
consecutive  substitution  it  is  possible  tc  develop  to  how 
welcome  quantity  of  layers  in  the  combined  multilayer 
screens. 
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Using  in  an  indicated  manner,  let  us  examine  the  shielding 
characteristics  of  the  three- la yered  screen,  which  has  use 


I I 


! 


1/ 
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along  with  the  screens  of  bimetallic  construction.  Let  us 
assume  that  S3,  S2,  S3  and  Plt  P2 , P3  - screening 

constants  and  the  coefficients  of  the  reaction  of  uniform 
screens  1,  2,  3,  consisted  of  intc  common/general/total 


three- la yered  screen. 

Parameters  S 

and 

P cf 

two  layers  (2 

♦ 3)  according  to 

formulas  (3.2) 

and 

(3.*0  : 

= 

S2S3/1-P2P3,  P23  — 

P2  ♦ P3Sf/1-P2 

Pm- 

Accepting  of  these  of  two  layers  as  one,  we  sum 
screen  (2  ♦ 3)  with  screen  1:  S123  = S23Sl/1-P23P t ; P123 

» Pi  ♦ P2,S*/1-P23Pi-  Substituting  here  values  S23  and  P23, 
we  will  obtain  that  the  screening  constant  of  three- la yered 
screen  is  equal  to 


— ■ 


SiS,S, 


(I  - PSJV  - ptp,)  - PxPtSt 


(3.15) 


and  the  coefficient  of  the  reaction  of  the  three-layered 
screen 


Pm  — P\  + 


PtO-PtP,)S*  + PtS*sl 

(I -/>,/>,)  (1 -/>,/>,) 


(3.16) 


Analogous  expressions  for  S123  and  Pi23  are  obtained 
during  the  solution  to  equations  for  three-layered  screens 
ty  "wave”  method  by  means  of  the  addition  of  the  incident 
and  reflected  waves. 
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Bearing  in  Bind  that  the  teci,  which  contains  the 
fourth  degree  of  the  coefficient  of  screening  is  extremely 
small,  it  is  possible  the  coefficient  of  the  reaction  of 
screen  to  present  in  the  following  fora: 

P4\-p*pj  s* 


Pm  = P,+ 


(l-PlPt)(l-PtPJ-PlPtsl 


(3.17) 


Widest  application  have  three-layered  screens  with 
identical  shins  (St  * S3  and  Pt  -=  P3)  - For  this  case  of 

foraula,  they  take  the  fora: 


Sm  = 


s\st 


0-p1pt>*-(filss 


PrV-PSJS] 

(1  -PiPJ'-iPiSJ' 
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Tables  3-1.  Screen  attenuation  of  two-layered  screens, 
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f.  «4 

Mtflb CTUIK  1 

l** 

> AjUOMHHHA — CBHHCU 

{S')  CBHrieK— CTajib 

(*l  A/homhhhA  -CTJUlb 

■*oit 

*»u 

^nn 

^oit 

| Aait 

^nn 

■*012 

•^312 

Aon 

Ant 

(-?' 

nPH  MarHirrHOM  no;* 

- (w? 

) 

10* 

0 

0,575 

0,575 

0 

< 

0,138 

0,138 

0 

0,45 

0,45 

0 

0,575 

0,575 

10* 

0,23 

1,82 

2,05 

0 

0,928 

0,928 

0,23 

0,755 

0,985 

0,23 

1,26 

1 ,49 

10* 

0,975 

3,52 

4,495 

0,046 

2,76 

2,806 

0,966 

1,58 

2,546 

0,965 

3,05 

4,015 

10* 

5,42 

4,91 

10,33 

0,391 

4,71 

5,101 

4,61 

3,22 

7,83 

5,06 

4,7 

9,76 

10» 

20,3 

5,89 

26,19 

3,55 

5,85 

9,4 

16,8 

4,62 

21  ,42 

19,2 

5,55 

24,75 

10* 

68,6 

7,0 

75,6 

14,4 

7,00 

21,4 

55,4 

5,82 

61,22 

65 

6,75 

71,75 

1C.' 

nPH  3JieKTPH>ieCK0M 

none  ^ Z3 

= 2*E) 

10* 

0 

29,4 

29,4 

0 

28,8 

28,8 

0 

27,6 

27,6 

0 

28,8 

28,8 

10* 

0,23 

27,0 

27,23 

0 

26,6 

26,6 

0,23 

25,4 

25.63 

0,23 

26,6 

26,83 

10* 

0,975 

24,7 

25,675 

0,046 

24,2 

24,24 

0,966 

22,6 

23,56 

0,96)5 

24,2 

26,16 

10* 

5,42 

22,0 

27,42 

0,39 

21,6 

21,99 

4,61 

20 

24,61 

5,06 

21,8 

26,86 

10’ 

20,3 

18,2 

38,5 

3,55 

18,2 

21,75 

16,8 

17,1 

33,9 

19,2 

17,85 

37,05 

10* 

68,6 

14,7 

83,3 

14,4 

14,7 

29,1 

55,4 

13,5 

68,9 

65 

14,5 

79,5 

(7) 

nPH  naOCKofi  BOflHe 

10* 

0 

14,0 

14,0 

0 

13,45 

13,45 

0 

12,3 

12,3 

0 

13,5 

13.5 

10* 

0,23 

14,0 

14,23 

0 

13,4 

13,4 

0,23 

12,28 

12,51 

0,23 

13,5 

13,73 

10* 

0,975 

13,85 

14,825 

0,048 

13,3 

13,34 

0,966 

11,89 

12,856 

0,965 

13,4 

14,365 

10* 

5,42 

13,2 

18,62 

0,391 

13,15 

13,55 

4,61 

11,5 

16,11 

5.06 

13,2 

18,26 

107 

20,3 

12,0 

32,3 

3,55 

12,0 

15,55 

16,8 

11.0 

27,8 

19,2 

11,7 

30,9 

10* 

68,6 

10,82 

79,42 

14,4 

10,9 

25,3 

55,4 

9,65 

65,05 

05,0 

10,6 

75,7 

: 
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Key:  (1).  Copper-steel.  (2).  Aluminum-lead.  (3).  Lead-steel. 

(4).  Aluminum-steel.  (5).  In  magnetic  field.  (6).  In 
electric  field.  (7)  . With  plane  wave'. 
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3.4.  Effectiveness  of  multilayer  screens  in  different  fields. 


Let  us  examine  the  action  of  two-layered  screens  during 
the  different  combination  of  metals  (copper,  aluminum,  steel, 
lead)  relative  to  electrical,  magnetic  and  electromagnetic 
fields,  Thickness  of  the  layer  of  screens  0.1  mm.  Frequency 
band  from  103  to  10«  Hz.  The  calculation  of  the 
attenuation  of  shadowing  is  conducted  according  to  formulas 
(1.25)  and  (3.12).  Have  impedance  is  determined  from  the 
formulas:  Z*  =iwnr  (dielectric  of  relatively  magnetic  wave)  ; 

Z*  = 1/i  o>er  , 

(dielectric  of  relatively  electrical  wave)  ; lT=lo  >!*/* 
(dielectric  of  relatively  plane  wave);  ZH=  \ lwn/o  (»etal  for 
any  wave)  . 


jsT 
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jtz  = Ari*2  ♦ A01 2)  for  two-layered  screens  of  the  type" 


Table  3.1  gives  corrected  values  of  the  screen 
attenuation  of  the  absorption  (4m2),  of  the  screen  attenuation 
of  reflection  (A0l2)  and  of  the  resulting  screen  attenuation 
(A 

copper-steel",  al unin  un-steel  and  aluminum-lead  under  the 
influence  of  the  magnetic  (Z#),  electrical  (Z%)  and  flat/plane 
electromagnetic  (Z0)  of  waves.  The  attenuation  of  absorption 
(Anl2)  does  not  depend  on  transmission  mode  and  in  all 
cases  sharply  increases  with  an  increase  cf  frequency.  The 
greatest  effect  on  the  attenuation  of  absorption  is  reached 
because  of  steel  layer  in  combination  copper-steel  and 
aluminum-steel.  Rost  bad  combination  aluminum-lead. 


The  attenuation  of  reflection  (Aol2)  for  different 

transmission  modes  has  the  different  frequency  dependence: 

E 

for  an  electrical  wave  (A0  l2)  - with  an  increase  of 

u 

frequency  it  falls  from  infinity,  for  magnetic  (A0  , 2) 

it  increases  from  zero,  and  for  plane  electromagnetic  wave 

E H 

(Ao  c 4 2)  - has  at  first  constant  value,  and  then  somewhat 
decreases. 

The  screen  attenuation  of  two-layered  (copper  - steel) 
screen  with  magnetic,  electrical  and  plane  waves  is  shown 
to  Fig.  3.3. 
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Fig.  3-3.  Screen  attenuation  of  two-layered  screen 
(copper-steel)  with  magnetic  (a"12),  electrical  (a/^ 
plane  (A^T)  waves. 

Key:  (1).  nP.  (2).  Hz. 


a nd 


Page  73. 
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For  a magnetic  field  with  an  increase  of  frequency  A^,*, 
it  increases  from  zero  to  large  values-  For  the  electric 

field  A^ i 2,  it  falls  at  first  from  infinity,  and  then 
sharply  increases,  having  a minimum  at  frequencies  10s- 107 
Hz.  The  attenuation  of  the  shadowing  cf  plane 

electromagnetic  wave  in  the  range  to  10*  Hz  has  constant 

value  (13  Np)  , and  then  substantially  grcw/rises. 


ln  absolute  value  best 
nonmagnetic  (copper-aluminum) 
at  frequency  10*  Hz  for  a 
gives  attenuation  10-33  Np, 
steel  7.83  Np  and  combinat 
aluminum-lead  - altogether 


of  all  the  combination  of 
and  magnetic  (steel)  layers.  So, 
magnetic  wave  screen  copper-steel 
aluminum-steel  9.76  Np,  lead- 
ion  of  nonmagnetic  metals 
cnly  5.  1 Np. 


From  the  preceding  information  it  is  evident  that  most 
susceptible  is  the  effectiveness  of  screens  relatively 
magnetic  field,  and  therefore  during  screens  them  it  is 
necessary  first  of  all  to  design,  on  the  basis  of  magnetic 
effect.  Taking  into  account  this,  let  us  examine  in  more 
detail  the  action  of  three-layered  screen  of  relatively 
magnetic  effect  for  the  different  combinations  of  metals 
(copper,  steel,  of  aluminum  and  lead).  The  results  of  the 
calculation  of  the  screen  attenuation  of  three-layered 


DOC  = 78000204 

PAGE 

IIA 

screens  are  given 

to 

Fig.  3.4 

. Thickness 

of  the  layer 

is 

accepted  equal  to 

0.  1 

mm.  Skins,  oq  the 

basis  of  the 

requirement  for  the 

achievement 

of  minimum 

losses  and 

best 

screening  effect,  are 

accepted 

of  nonmagnetic  materials. 

The 

best  results  gives 

the 

screen. 

comprised 

cf  nonmagnetic 

and 

magnetic  materials. 

screen 

of  the  type 

"copper"  at 

the 

frequency  of  150  kgh  is  equal  to  8 Np.  The  application/use 
of  steel  with  high  magnetic  permeability  (p  = 200)  makes 

it  possible  to  obtain  at  frequency  150  kHz  supplementary 
screen  attenuation  in  1 Np.  Good  results  gives  a screen  of 
the  type  "aluminum".  The  most  unfavorable  combination  is 
obtained  in  constructions  lead-steel-lead.  This  screen  has 
the  screen  attenuation  of  the  order  altogether  only  4 Np. 


The  considerations  given  above  in  connection  with 
two-layered  screens  about  the  effectiveness  of  the 


combination  of  different  layers  in  wide  frequency  spectrum 
are  valid  also  for  three  and  larger  number  of  layers  of 
the  Combined  screens. 
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(p  = 100);  3 - aluminum-steel-aluminum;  4 - 

copper-lead-copper;  5 - copper-aluminum-copper;  6 

lead-steel -lead. 

Key:  (1).  Np.  (2).  kHz. 
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After  establishing  that  the  nost  advantageous  combination 
cf  materials  for  the  creation  of  multilayer  screens  is 

copper  and  steel,  it  is  expedient  to  examine  the 
effectiveness  of  an  increase  of  the  number  of  layers  in 
the  combined  screens.  Figures  3.5  gives  the  results  of 


measurements 

of 

the  three-. 

by 

four 

and  five- 

-layer 

screens 

of  cylindrical 

construction 

made 

of 

copper  with  a 

thic  kness 

of  0<.  08  mm 

mill  become  - 

0-  1 

am. 

Here  for 

a comparison 

given  data 

of 

s ingle-layer 

copper  screen  <1). 

From 

curve/graph 

it 

is  evident 

that 

h 

f ive-layer 

screen 

(4)  of 

the  type  copper- steel-copper-steel-copper  on  2-3  Np  is 
greater  than  three-layered  screen  (2)  (copper-steel-c opper)  . 

The  screen  attenuation  of  four-layer  screen  (3)  differs  from 
/\^  three-layered  by  1 Np.  In  absolute  value  at  frequency 
130  kHz,  single-layer  screen  gives  3.5  Np,  three-layered, 

r 


\ 


4K0T 


3r 
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i-e.,  6.7  Np,  and  five-layer  - about  10  Np. 

3.5.  Physical  processes  in  compound/composite  screens. 

In  accordance  with  foregoing  the  screen  attenuation  of 

two-layered  screen  can  be  determined  by  the  formula 

Am  = In  + 4*..  (3. 18) 

where,  in  turn, 

4.u  = ln  I = In] chiCj^chKt/tlt  (3.19) 

>>D1  I 

^=lnli^!=lni1+TK+i)th^+ 

+ Y (n,  + th  KA  + y (n*  + th  kA  th  KA  | . (3.20) 


Analyzing  the  obtained  results,  it  can  be  noted  that 
according  to  its  structure  of  the  foraula  of  the 
calculation  of  the  shielding  properties  of  conpound/conposite 
screen  are  analogous  to  the  formulas  cf  the  calculation  of 
the  shadowing  of  single- layer  screens.  Screen  attenuation  M»u) 
consists  of  screen  of  attenuation  cf  absorption  of  metal  (y4„i*) 


DOC  * 78000204 


PAGE 


and  the  screen  attenuation  of  reflection  (Aoa).  The  screen 
attenuation  of  absorption  includes  the  product  of  the 


hy  perbolic 

cosines,  corresponding 

parameters 

(*t) 

of 

the 

first  and 

second  layers 

of 

screen  and  it 

is 

equal 

to  t 

sum  pf  the 

attenuations 

of 

the 

absorption 

of 

both 

layers 

of  screen. 


Fig.  3.5.  Results  of  the  measurement  of  the  screen 
attenuation  of  the  different  multilayer  screens:  1 
single-layer  (copper);  2 - three-layered  (copper-steel 

copper);  3 - four-layer  (copper-steel-steel-copper);  4 
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five- layer  (copper-steel-copper-steel-copper) - 


Key:  (1).  Up.  (2).  KHz. 


Page  75. 

The  screen  attenuation  of  reflection  contains  several 
components  which  are  caused  by  reflections  on  the 

appropriate  interfaces: 


— ( Ni  + ) tli  — AH3.ieKTpHK  — I c.nofi  anpana;  ( ' * 


— (a’2  + — ) tli  Kit-i  — II  croft  aKpaHa — AMaroKTpHK; 

2 \ A’j  / 

+ —'j  th tli  Kttt — I cioii  anpaHa  — II  croft  3KpaHa.(^ 


Key:  (1).  Dielectric  - I layer  of  screen.  (2).  XI  Layer 

of  screen  - dielectric.  (3).  I layer  of  screen  is  II 

layer  of  screen. 

The  absolute  values  of  the  indicated  expressions  are 
caused  by  the  relationship/ratios  of  the  wave  impedance  of 
the  joining  mediums.  The  greater  its  nonconformity,  the 
greater  the  value  of  N above  screening  effect.  Thus, 


for 
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instance,  role  and  the  specific  significance  of  different 
couplings  in  cob  mon/general/total  screening  effect  ace 
characterized  for  the  screen  of  constructicn  copper- steel  by 
the  thickness  of  the  layer  on  0.1  ib  at  the  frequency  of 
100  kgh  of  relatively  magnetic  field  as  follows:  Z ^ = 

13.8«10~3  ohm,  = 0.12»10"3  ohm,  zCi$Jli-f  = 3.3»10~3  ohm. 

Respectively  N = 115#  1/Hj  = 0.0087; 

^ = 4.2.  — = 0,24; 

N,  = 0.036,  ~ = 27.b. 


Then  the  attenuation  of  reflection  on  the  appropriate 
boundaries  will  be:  3.7  Np-air-copper , 1.1  N p-air-st  ee  1,  2.2 

N p-c  op  per- steel.  All  couplings  together  (air-copper-steel-air) 
give  3.9  Np.  Consequently,  the  greatest  screening  effect 
gives  boundary  dielectric-copper.  The  effect  of  boundary 
nonconformity  dielectric-steel  is  very  small.  Reflection  at  a 
boundary  of  different  metals  gives  somewhat  larger  effect 
than  on  boundary  of  dielectric-steel.  Furthermore,  with  one 
layer  (t2  = 0)  Analyzing  formula  of  the  shadowing  of 

compound/c om posite  screens  assumes  the  form,  characteristic  to 
the  single-layer  screens:  a^12  = A^  = In  ) ch  kt  [ 1 ♦ 

.1/2  (^/  ♦ 1/n)  x th  kt].  If  both  layers  have  identical 


■ - jL. 
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thickness  and  ace  made  from  uniform  metal  (kit,  - k 2t  2 * 

kt),  then 


Atit  = In  | ch*  k*  ^ 1 + j th  Kt  + th2/cf  j j = 

ch2ri[l  + -l(jV+^)lh2«/]|, 


= In 


(3.21) 


i.e.  the  two-layered  screen,  made  from  uniform  metals  (t,  ♦ 
t2) , giwes  the  same  effect,  as  the  single-layer  screen  of 
the  doubled  thickness  2t  [see  formula  (2.6)  ]. 

Page  76. 


The  screen  attenuation  of  the  two-layered  screen  A5,2 
is  expressed  as  the  attenuation  of  absorption  Apt2  and 
attenuation  of  reflection  A0,2  of  this  screen.  The  shielding 
characteristics  of  the  two-layered  screen  A5t2  also  can  be 
expressed  by  the  shielding  characteristics  of  the 
single-layer  screens,  entering  this  compound/composite  screen 
(A_),  and  A^2)  . Actually,  since  s,2  = s,s,/i  - p,p2,y a>12 

i-pip2/5i$  ^ * A>i  ♦ A*2  * APi  where 


- in 


■ 
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4sl=ln 

l 

s, 

= In 

Cll  Kjtj 

A,i  = \n 

l 

s, 

- In 

ch  /c2<2  j 

. (3.22) 


Parameter 


of  this  attenuation  of  interaction 


(reaction)  between  the  layers  of  screen.  It  is  characterized 
by  the  effectiveness  of  the  combination  of  different  metals 
in  compound/composite  screen: 

Ap  = In  | 1 -PXP,  | = 


= In 


l 

,+¥ 

(A,1+W1)th'Cl/l+  2 

I 

nJ 

;h  kV2+  g 

lNi+  k 

th  Ktli 

1 / 1 , 

th  K1t1 

1 + "£~ 

A'j-f  — 

N, 

th  Ktlt 

(3.23) 


Value  of  P is  given  in  chapter  2. 


3.6.  Multilayer  screens  with  dielectric  separators. 


Is  of  practical  interest  the  question  concerning 
feet xveness  and  advisability  of  equipment/device  of 
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dielectric  liners  (paper,  plastic)  or  of  air  gaps  between 
the  metallic  layers  of  the  combined  screen-  Let  us  examine 
the  simplest  case  of  two-layered  metal  screen  with  the 
dielectric  layer  between  them.  For  investigation  let  us  use 
the  formula  of  three-layered  screen  [formula  (3.15)]: 

S SlS,-‘ , . (3.24) 

(I  — PiPi)  (1  — PtP3)  ~ nPyPtSl 


Coefficient  n considers  the  effect  of  the  wall 
thicknesses  of  screen.  For  the  cylindrical  screen  n = 
(Rj/R^jz,  for  the  spherical  screen  n - (F4/R3)  3 (R  4 is  a 
outside  diameter  of  I layer,  R3  - the  inner  diameter  of 
III  layer). 

For  the  thin-walled  screens,  examined  earlier,  it  is 
accepted  as  n jz,  1. 

Fage  77. 

In  order  to  determine  the  screening  constant  of  two-layered 
screen  with  layer,  it  is  necessary  into  formula  for  S to 
substitute  the  shielding  parameters  of  dielectric  layer  (S2 
and  . for  dielectric  S2  = 


1 and  P* 


0.  Then 
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The  screen  attenuation  of 

I —Am  +.4a3+.4p,  where  43i=ln|-^-| 

Si 

of  netallic  layer;  ^33=in  | -1  | 

Sj 

metallic  layer;  Ap=\n  | 1— nP,P3\ 

interaction  (reaction)  of  the 

Comparing  the  obtained  result  with  the  formulas  of  the 
calculation  of  usual  two- layered  screens  (3.23),  we  see  that 

the  difference  is  only  in  the  paraaeter  Ap.  la  the 

two-layered  screen  Ap  = In  ' - P.P. 

jToc  determining  the  advisability  of  applying  the 
dielectric  separator  between  the  metallic  layers  of  screen, 

let  us  calculate  the  screen  attenuation  of  the  screen  of 

cylindrical  construction  with  the  different  thickness  of 

separator.  Screen  is  steel-copper,  frequency  - 100  kHz,  a 

radius  of  screen  - 10  mm.  Table  3.  2 gives  given  data  of 

the  calculation  of  the  screen  attenuation  of  two-layered 
cylindrical  screen  with  the  different  thicknesses  of  the 

dielectric  separators  between  layers. 


this  screen  will  b e Aj* 

- screen  attenuation  I 
- screen  attenuation  II  of 
Attenuation  of  the 
layers  of  the  combined  screen. 


Application/use  of  the  shims,  close  in  thickness  to 
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metallic  layers  (1  ma) , does  not  give  essential  effect 
(difference  altogether  only  0.24  Np).  The  separator  with  a 
thickness  of  10  mm  is  led  to  an  increase  in  the  screen 
attenuation  on  0.7b  Np.  However,  the  application/use  of  this 
thick  separator  between  metallic  layers  is  clearly 
inexpedient,  since  it  is  connected  with  an  increase  in  the 
overall  sizes  of  screen  and  consumption  cf  materials  for 
its  production. 


Tables  3.2.  Screen  attenuation  of  two-layered  screen  (copper 
steel)  with  the  different  thicknesses  cf  the  dielectric 
separator  between  layers. 


( /' 

V*-' 

— 

(v  ) 

W' 

Twin«m«  MMtK 

3aTyx>me  M»flnoro 

3*Tyxainc  crub- 

3iryX»Hbt  B3IHMO- 

3Kp«HHoe  3aryxa- 

TpiieCKO* 

CJIO* 

noro  cjxm 

AeAcTBHn 

HMe 

nponnajpui,  mu 

hsti 

Htn 

nen 

nen 

0 

3,4 

2,2 

-0,94 

4,66 

i 

3,4 

2,2 

—0,70 

4,90 

4 

3,4 

2,2 

—0,35 

5,25 

10 

3,4 

2.2 

—0,19 

5,41 

Key:  (1).  Thickness  of  dielectric  separator,  ram.  (2). 

Attenuation  of  copper  layer  Np.  (3).  Attenuation  of  steel 
layer  Np.  (4).  Attenuation  of  interaction  Np.  (5).  Screen 
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3-7.  Optimum  con  stxuctions  of  the  multilayer  combined 
screens. 


There  is  essential  interest  the  deter Bination  of  the 
most  advantageous  relationship/ratios  of  the  thicknesses  of 
the  combined  screens  and  in  the  establishment  of  initial 
positions  from  the  development  of  the  optimum  screens  of 
the  combined  construction.  Bearing  in  mind  that  the  greatest 
effectiveness  in  the  multilayer  combined  screens  gives 


combination  of  nonmagnetic  (copper)  and  magnetic  (steel) 
materials,  let  us  examine  first  of  all  such  screens. 


Above  in  Section  3.5  it  was  shown,  that  the  screen 
attenuation  of  two-layered  screen  is  determined  by  the 


formula 


Am  = In  — = In 


\-ptp. 


— 4-  Am 
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— In  c — •^nis'f'  ^oi2- 


For  obtaining  simpler  and  more  demonstrative  results, 
let  us  examine  the  conditions  of  engineering  the  optimum 
screens  separately  for  the  low-frequency  (6  > t)  and 
high-frequency  (0  < t)  zones  of  transmission.  For  a 

low-frequency  range  is  characteristic  the  use  of  magnetic 
materials  (steel)  in  magnetostatic  mode/conditions.  The  screen 


attenuation 

of 

f lat/plane 

formula  Ai 

* 

= 

In  1«-pt/4r^ 

a value,  close 

k - 1, 

attenuation 

of 

copper  sc 

frequencies 

is 

determined 

coefficient 

of 

reaction 

P«  = 0. 

The  attenuation  of  the  interaction  of  this  two-layered 
screen  (copper-steel)  is  equal  to  zero;  A^  = In  ( 1 

P»P*>  = o. 

The  screen  attenuation  of  two- layered  screen  will  be 
4.it  = ln|(l*K?r^)(l  . 

Disregarding  ones  as  compared  with  the  second  terns. 
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which  stand  in  brackets,  we  will  obtain  A^l2  = In 

~t  where  indices  1 are  related  to  copper  layer, 
and  indices  2 are  to  steel.  Accurately  the  same  expression 
is  obtained  for  cylindrical  and  spherical  screens.  Therefore 
basic  condition/positions  and  the  conclusions  of  the  present 
investigation  for  a low-frequency  range  are  valid  for  all 
three  structural/design  varieties  of  screens  (flat/plane, 
cylindrical,  spherical). 

For  the  determination  of  the  aost  advantageous 
relationship/ratio  of  the  thickness  of  the  layer  of  the 
screen  by  which  is  reached  the  greatest  value  of  screen 
attenuation,  we  investigate  expression  A^, 2 to  the  maximum 
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dMut 

■&T 


<0. 


(3.26) 


Taking  into  account  that  the  general  thickness  t 

♦ t2,  we  will  obtain  A^12  = In  | (t-t,)j  where 

k*,p2/4.  Then 

tl-ty  1 1 

*1  ">~'l  I,' . I,  tt 

As  a result  we  will  obtain  optimum  condition  in 

form 

t,  = tt  - 1/2.  (3  27) 
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Thus,  the  most  advantageous  result  is  obtained  with  the 
equality  of  the  thickness  of  the  layer  of  copper  and  steel 
cf  two-layered  steel-copper  screen  [2].  In  this  case, 
maximum  screening  effect  is  determined  by  the  formula 

A»n  In  . (3.281 


From 

formula 

it  is  evident  that  the  screen 

attenuation 

- ■- 

is  determined  by 

the  value 

of  eddy  currents 

in 

copper  (k , 

= \Ah7«)  # 

by  the 

value  of 

magnetic  permeability 

of 

steel 

(p2)  and 

depends 

on  the  thickness  of  the  layer 

of 

sc  reen 

(t,  = tc 

* v- 

The  obtained  conclusions  are 

valid 

f or 

• | 

flat/plane 

, cylindrical  and 

spherical  screens 

in 

the 

ra  nge 

1 

cf  frequencies  to 

10  kHz. 

Investigation  and 

formula  s 

(3.27) 

and  3/28) 

can  be 

common  for 

any  combination 

of 

non  magnetic 

(copper. 

aluminum , 

lead)  and 

magnetic  (steel. 

Permal  loy) 

materials. 

In  a similar  manner  can  be  determined  the  optimum 
construction  of  a three-layered  screen  of  the  type  "copper" 
[formula  (3.15))].  In  this  case  the  most  advantageous 
results  are  reached  at  the  equality  of  the  thicknesses  of 
all  layers  of  screen  (tj  - t2  = t3  = t/3) , and  screen 
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attenuation  is  determined  by  the  foraula 


**'#•  t* 

4 1 


(3.29) 


The  obtained  result  is  propagated  to  the  flat/plane, 
cylindrical  and  spherical  screens  of  three-layered 
construction  in  the  range  of  frequencies  to  10  kHz.  For  a 
high-frequency  range  the  most  favorable  effect  is  reached  at 
the  large  thicknesses  of  magnetic  metals  (steel)  and  smaller 
nonmagnetic  metals  (copper,  aluminum)  . 


A change  of  the  optimum  thickness  of  copper  layer  in 
percentages  from  the  overall  thickness  of  screen  (t  = 0.4 

mm)  is  shown  to  Fig.  3.6.  On  curve/graph  are  clearly 
visible  three  frequency  domains. 


flange  I is  a direct  current  and  very  low  frequencies 
(to  0.5  kHz).  Here  the  best  results  gives  purely  uniform 
steel  screen  (t**  = Oo/o  and  tc  = lOOo/o).  This  is  caused 

by  the  facts  that  in  the  indicated  frequency  range  the 
electromagnetic  shadowing  is  virtually  absent,  and  therefore 
screening  effect  of  copper  is  negligible,  but  steel  works 
in  magnetostatic  mode/conditions  and  gives  very  good  results. 
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Range  II  is  the  spectrum  approximately  from  0.5  to  10 
kHz.  For  it  can  be  recommended  the  equal  thicknesses  of 
copper  and  steel  layers  (t^  = 50o/o  and  t*  = S6 b/o)  . The 
effective  action  of  copper  begins  in  electromagnetic 
mode/conditions,  and  steel  continues  to  work  predominantly  in 
magnetostatic  mode/conditions. 


Range  ill 

is  a frequency 

spectrum  from  10 

-20 

kHz  to 

high  frequencies 

. Both  copper 

and 

steel  operate 

in 

electromagnetic 

mode/conditions 

on 

the  principle 

of 

eddy 

currents.  From 

curve/graph  it 

is 

evident  that 

with 

an 

increase  in  the 

frequency  the 

optimum  thickness 

of 

copper 

layer  decreases. 

and  steel 

it 

increases.  So, 

if 

at 

frequency  7 kHz  the  optimum  thickness  of  copper  layer  was 
50o/o  of  the  overall  thickness  of  screen,  then  with  f = 
of  110  khz  it  does  not  exceed  15q/o. 

In  the  range  of  more  high  frequencies  (approximately 
more  than  1000  kHz)  the  compound/com posite  combined  screen 
generally  becomes  meaningless,  and  from  the  viewpoint  of 
shielding  effect  in  preferred  position  is  located  by  purely 
steel  screen  <t*  = Oo/o  and  t^  = lOOo/o).  This 


result  has 


I 
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completely  logical  physical  explanation  and  it  completely 
corresponds  to  the  basic  condition/positions  of  the  wave 
theory  of  screens. 


Above  shown,  that  screening  effect  was  caused  by 
cumulative  effect  of  the  attenuation  of  reflection  (A0)  and 
of  the  attenuation  of  absorption  (a„).  There  it  is 
substantiated,  that  copper  possesses  high  reflecting 
properties,  and  steel  - by  the  high  attenuation  of 
absorption  in  metal.  Therefore  in  the  range  of  comparatively 
low  frequencies  (10-20  kHz) , where  prevails  the  factor  of 
the  attenuation  of  reflection,  there  is  nc  need  in  thick 
steel  screens.  With  an  increase  of  freguency,  grow/rises  the 
specific  role  of  the  attenuation  cf  absorption,  screening 
effect  of  steel  becomes  more  than  copper,  and  therefore  it 
is  expedient  to  increase  the  thickness  of  steel  layer. 


d L,  -• 
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Fig»  3.6.  Optimum  relationship/ratio  of  the  thickness 
layer  of  the  combined  screen  (copper-steel). 

Key:  (1).  Steel.  (2).  copper.  (3).  kHz.  (4).  copper, 

Page  81. 

In  this  case  is  realized  the  positive  effect  of  the 
attenuation  of  the  absorption  of  steel  layer  and  is 
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preserved  the  proper  value  of  the  attenuation  of  reflection 
at  a boundary  dielectric-copper  (An),  which  con  pa rat ivel y 
barely  depends  on  thickness  of  the  layer.  Finally,  in  the 
range  of  even  more  high  frequencies  (about  1000  kHz),  when 
the  attenuation  of  absorption  in  steel  (A|j)  begins  to 
predominate  above  the  attenuation  of  reflection  at  a 
boundary  dielectric  - copper  (A0) , it  becomes  more  effective 
the  application/use  of  a purely  steel  screen. 

To  Fig.  3.7,  are  given  the  results  cf  the  calculation 
of  the  screen  attenuation  of  steel-copper  screen  with  an 


cverall  thickness 

of 

0. 4 mm  w ith 

the 

different 

relationsh ip/ratios 

of 

thicknesses 

they 

will 

stop  an  d 

copper- 

Calculation  is  carried 

o ut  at  a 

radius 

of 

screen  17 

.5  mm 

and  frequency  55 

kHz. 

From  the 

figure 

one 

can  see 

that 

with  an  increase  in  the  thickness  of  steel  increases  the 

parameter  Afj  and  it  decreases  A0.  The  most  advantageous 

effect  gives  the  combined  screen  with  thick  steel  layer 

(tc  = 82o/o)  tonkim  mednya  sloem  (t*^=18o/o).  This  screen 

gives  to  1.3  Np  more  than  uniform  steel  screen  and  on  2.4 


Np  more  than  the  uniform  copper  screen  of  equivalent 
thickaess. 


rr 
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optimum  relationship/ratios  of  the  thickness  of  the  layer  of 
compound/composite  screens  and  the  construction  of  the 
two-layered  combined  screens  remain  valid  for  the 
three-layered  and  other  constructions  of  screen. 

To  Fig.  3.8,  are  given  the  results  of  the  calculation 
of  a three-layered  screen  of  the  type  "copper"  with  an 
overall  thicxness  of  0.6  mm  with  the  different  thicknesses 
of  copper  and  they  will  stop.  Calculation  is  carried  out 
for  frequency  8 and  110  kHz.  From  curve/graph  it  is 
evident  that  at  frequency  8 kHz  the  most  advantageous 
effect  gives  the  screen,  which  has  equal  on  0.2  mm 
thickness  of  the  layers  of  copper  and  steel. 
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Fig-  3.8.  Screen  attenuation  of  three-layered  screen 


(copper-steel-copper)  at  the  different  thicknesses  of  copper 


In  the  range  of  high  frequencies  sharply  grow/rises  the 
specific  significance  of  steel.  Here  the  test  result  gives 


screen-  having  copper  layers  on  0-05  mm 


In  both  cases  the  combined  screen  is 


thickness 


3-8-  Multilayer  screens  in  coaxial  catles 


Por  an  increase  in  the  screening  effect,  the  external 


it  cpnsists  of  the  copper  cylinder  above  which  it  is 


superimposed  one-two  layer  of  the  winding  of  steel  strip 
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Are  known  also  the  three-layered  constructions  of  the 
external  wires  of  coaxial  cable  (copper-steel-copper)  . 


Let  us  examine  the  shielding  ability  of  the  multilayer 

combined  screens  in  coaxial  cables.  'Blectronagnetic  waves  can 

penetrate  both  through  the  internal  and  through  the  external 
surface  of  external  wire.  In  the  first  case  (Fig.  3.9a) 

cable  itself  is  the  source  of  interferences,  in  the  second 
the  abcable  is  subjected  to  extraneous  interferences  (Fig. 

3. 9b) t 

3.3  gives  the  formulas  cf  the  engineering 

calculations  f s ingle-/monc-di-  and  three-layered  screens  in 

.wave  independence  of  the  metal 

both  mode /conditio ns  of  effect.  Here  Z*  = is 

(^c6«~tf  j&fent  of  eddy  currents;  t is  thickness  of  screen. 

Analyzing  the  given  formulas,  it  can  be  noted  that: 


1.  The  coefficient  of  screening  consists  of  two 
components:  a)  by  that  characterizing  attenuation  in  thicker 
than  screen  and  b)  the  caused  by  reflection  energy  on  the 
boundaries  of  layers.  Attenuation  in  thicker  than  the  screen 
(attenuation  of  absorption)  is  expressed  by  chkt;  the  number 
cf  cosines  corresponding  to  the  number  of  layers  of  screen. 
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The  attenuation  of  reflection  is 
relation  of  the  wave  impedance 
the  number  of  these  reflections 
of  boundaries  of  layers. 


expressed  as 
of  the  layers 
corresponds  to 


thlct  and  the 
of  screen; 
the  number 


I 


. 


I 


a) 


S) 


a) 


Fig.  3.9.  On  the 

calculation 

of 

the  composite  screens 

of 

coaxial  cables:  a) 

cable  is 

the 

source  of  effect;  b) 

cable 

is  subjected  to  effect. 

Page  83. 

So,  at  three- lay ered  screen  have  two  boundaries,  and 
therefore  formula  contains  two  members,  which  characterize 
reflection  and  Z^/Z^)-  The  more  differs  the  wave 

impedance  of  boundary  metals,  that  higher  screening  effect 
of  multilayer  screen. 


----- v- 
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12.  Comparing  these  for  aulas  with  for aulas  for 

calculation  of  symmetrical  shielded  circuits,  we  see  that  in 
the  case  of  coaxial  cable  there  are  no  reflections  on 
joints  dielectric  - aetal  - dielectric  (S0) , characteristic 
to  balanced  cables.  / 

3.  Prom  the  formula  of  three-lay ered  screen  (Si2])  it 
is  possible  to  obtain  the  foraula  of  two-layered  screen 
(Sl2)*  if  we  accept  t3  = 0 and  froa  fcraula  S12  - the 

formula  of  single-layer  screen  (S,) , if  we  accept  t2  * 0. 

Tables  3.3.  Screening  constants  of  the  multilayer  screens  of 
coaxial  cables. 
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Key:  (1).  Construction  of  screen.  (2).  Calculation  formulas 

of  coefficient.  (3).  Coaxial  line  is  the  source  of  effect. 
(4).  one  Layer.  (5).  Two  Layers.  (&)  . Three  Layers.  (7). 

Coaxial  line  is  subjected  to  external  effect. 


Page  84. 

4.  Screening  constant  S is  complex  quantity.  Its 
module/mod ulus  characterizes  the  degree  of  shadowing,  and 
angle  shows  phase  displacement  between  electromagnetic  fields 
outside,  also,  within  screen. 

5-  Shielding  properties  of  coaxial  line*  which  operates 
as  affecting  circuit  (for  example,  St2),  are  less  than 
pair,  subjected  to  effect  (Szl). 

Between  screening  constants,  th^re  is  the  approximately 
following  relationship/ratio: 


1 
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Since  for  a composite  screen  (copper-steel)  Z^/Z^i  = 

Zc/Z*  z 28,  respectively  the  difference  in  the  screen 
attenmation  of  the  cable,  subjected  to  effect,  is  more  than 

the  affecting  cable  approximately  on  In  28  = 3.3  Up. 

6.  Screening  effect  grow /rises  with  an  increase  of 
frequency  and  thicknesses  of  screen.  The  greater  the  layers, 
that  more  screening  effect.  The  multilayer  screen,  equivalent 
according  to  thickness  to  single-layer  screen,  has  the  best 
characteristics  because  of  the  effect  of  reflection  at  a 

boundary  of  the  coupling  of  different  metals. 

Let  us  examine  in  more  detail  the  optimum  constructions 
of  two-layered  and  three-layered  screens. 

Two-layered  screens.  Let  us  establish/install  the 
shielding  characteristics  of  coaxial  line  with  the  different 
thicknesses  of  copper  and  steel  layers  and  let  us  determine 

the  most  advantageous  relationship/ratio  of  layers  a 
composite  screen. 

Tables  3.4.  screening  effect  ky  and  the  resistor/resist ance 
of  losses  in  composite  screen  with  the  different 

relationship/ratios  of  copper  and  steel. 


PAGE 
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(2).  Np.  (3)  ohns/ka 


Table  3.4  gives  corrected  values  cf  the  attenuation  of 


shadowing  A 


the  composite  screen  of  coaxial  line  with  the  different 


relationship/ratios  of  the  thicknesses  of  copper  and  ste 
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but  with  the  constant  overall  thickness  of  screen  t = 


-/n 


♦ tc 

ao 

t 

o 

II 

mm  and  tc  frequency  60 

kHz.  From 

table  it  is 

evident 

that 

between  the  copper  and 

steel  layers 

of  screen 

is  a 

opt imum 

relationship/ratio.  The 

attenuation 

of  shadowing 

reaches 

t he 

maximum  value  at  t^  = 

0.G5  mm  and 

tc  = 0.075 

mm.  In 

this 

case  k^i2  of  composite 

screen,  is 

13.  15  Np, 

while 

the  steel  screen  of  the  same 

thickness  gives  A^  = 

11.6  Np,  and  copper  A^  = 2-25  Np. 


The  relationship/ratio  of  the  thicknesses  of  copper  and 
steel  layers  affects  also  the  losses,  introduced  by  screen 


into 

the  circuit  of 

transmission. 

Sith 

an 

increase  in  the 

copper  layer. 

value 

8 ~ falls,  and 

then 

is 

stabilized  on 

the 

deter  mined 

value. 

Kith  optimum. 

in 

the 

relation  to 

screen  attenuation,  the  relationship/ratio  cf  the  layers  (t^ 
= 0.05  and  tc  = 0.75)  of  energy  loss  are  sufficiently 
considerable,  which  makes  this  construction  virtually 
unacceptable.  Furthermore,  in  production  sense  it  is 
extremely  difficult  to  use  copper  layer  by  the  thickness 
altogether  only  0.05  mm.  In  the  existing  constructions  of 
coaxial  lines,  copper  and  steel  layers  are  located 
approximately  in  relationship/ratio  3:5. 


In  connection  with  the  screen  in  question  with  an 
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overall  thickness 

of 

0.8  bb  value  t„  0.3 

am  and  tc  = 0.5 

am.  As  can  be 

seen 

rroiF  Table  3.4,  with 

this 

relationsh ip/ratio 

is 

obtained  sufficient  screening  effect 

^7.44  Np)  with 

the 

low  losses  of  energy. 

Value  R.^  of 

composite  screen  is  equal  to  copper  screen  and  it  is 

3.09  Q/km.  From  Fig.  3.10#  where  is  represented  dependence 

of  copper,  steel  and  composite  screens  from  the  overall 
thickness  of  screen  t it  is  apparent  that  screening  effect 
on  the  order  of  7 Np  at  frequency  60  kHz  can  be  provided 
with  the  thickness  of  the  screen:  copper  2.1  mm,  steel  0.5 
mm  bimetallic  0.8  bb  (t^  = 0.3;  tc  = 0.5). 

Three-layered  screens.  The  results  of  the  calculation  of 
the  attenuation  of  shadowing  A^123  °f  a three-layered  screen 
of  the  type  "aluminum"  with  an  overall  thickness  of  0.2  mm 
are  given  in  Table  3.5.  Here  is  shown  the  specific 
significance  of  screen  attenuation  because  of  absorption  in 

aluminum  (A^) , in  steel  (A^ ) and  because  of  reflection  at 

a boundary  aluainua-steel  (Ao  ) and  steel-aluminum  (a£  * * )- 
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screen  attenuation  (A^l23)  of  three-layered  screen 
(aluminum- steel-al uminum)  with  different  thickness  of  the 
layer  (general  thickness  of  screen  0.2  mm),  while  to  Fig. 
3.12,  are  shown  the  values  of  the  components  of  the  screen 
attenuation  A ^ , A0  for  this  same  three-layered  screen 
at  frequency  100  kHz. 


Tables  3.5.  Screening  effect  of  three-layered  screens. 
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Fig.  3.12.  Components  of  screened  absorption  (An  and  hq) 
and  of  reflections  (A0)  in  the  three-layered  screen  of 
construction  aluminum-steel-aluminum  at  frequency  103  kHz  and 
the  different  thicknesses  of  screen. 


Key:  (1).  Up.  (2) 


mm. 


Page  87.  From  given  data  it  follows  that  the  combined 
three- layered  screen  of  the  type  "aluminum"  in  all  cases  is 

better  than  the  uniform  aluminum  screen;  greatest  screening 
effect  is  reached  at  the  thin  layers  of  aluminum  and  the 
thick  layers  of  steel.  Optimum  is  the  construction  of 
screen  of  aluninum-steel-aluninum  with  respect  0.01-0.18-0.01 
nn,  respectively,  in  thickness  of  the  layer. 

The  values  of  screen  effect  from  absorption  (A^  = Apr 

3 $ - C c.  - 

♦ A n)  and  reflection  (A0  = A0  ♦ A0  ) for  are  different 

frequencies  and  the  thickness  of  the  layer  of  the  combined 

screen  are  different.  In  screens  with  thick  steel  layer,  is 
nore  the  effect  of  absorption,  while  in  screens  with  the 
thickened  aluminum  layer,  prevails  the  effect  of  reflection. 


I 
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Moreover  reflection  at  a boundary  of  layers  steel 

aluminum  is  substantially  sore  than  reflection  at  a boundary 
al umioum-steel.  froa  Fig.  3.12  is  evident  that  with  an 
increase  in  the  thickness  of  steel  sharply  grow/rises  the 
absorption  in  steel  and  it  decreases  absorption  in  aluminum, 
and  the  effect  of  reflection  has  a maximum  with  the 

relationship/ratio  of  layers  0.07-0.06-0.07  mm. 

r 

end  section. 


Shielding  of  com munication  cables. 

4.  1.  Types  of  cable  shields. 

Page  88. 

The  stability  of  coaaunication/connecticn  and  its  quality 
during  transaission  with  respect  to  cable  lines  to  large 
distances  to  a considerable  degree  are  defined  by  the 
protection  of  coupling  circuits  both  fron  mutual  and  outside 
interferences.  Host  radical  safety  nethcd  of  coaxial  and 
symmetrical  cable  circuits  from  interferences  is  their 
shielding. 


Qable  shields  have  cylindrical  form  and  most  frequently 
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they  are  fulfilled  in  the  fora  of  continuous  shells  either 
in  the  fora  of  the  spirally  superiaposed  winding  from 

flat/plane  tapes  or  in  the  fora  of  cover/braid  from 
fine/thin  wires.  Shields  they  manufacture,  mainly,  from  lead, 

copper,  they  stopped  or  aluminum,  and  furthermore,  there  can 
be  the  composite  and  multilayer  combined  shields  where  the 
indicated  materials  are  alternated  in  the  most  advantageous 
combination. 

In  cables  with  external  plastic  shells  for  protection 
froa  outside  interferences,  there  are  applied  tape/strip  type 
shields  predominantly  from  the  aluminum,  copper,  steel 


strips,  superimposed  spirally  or  longitudinally  along  cable. 

By  construction  and  according  to  operating  principle, 
the  shields  are  divided  into  those  who  shield  froa  outside 
interferences  and  from  internal  (mutual)  interferences.  The 
sources  of  outside  interferences  are  high-voltage  electric 
power  lines,  contact  circuits  of  electric  railroads,  man-made 
interferences,  atmospheric  electricity  and  powerful  radio 
stations.  The  role  of  shields  fulfill  the  metal  shells, 
arrange/located  above  cable  core.  As  a rule,  they  have 
continuous  construction  and  are  fulfilled  made  of  lead, 
aluminum  or  steel  (Fig.  4.1).  Known  also  two-layered 
constructions  of  shells  of  the  type  aluminum- lead,  alumiaum 


steel,  etc. 
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Fig.  4.1.  External  metal  cable  sheathings  of  the 


b)  aluainua  (MKSAP) 


c)  steel  (MKSSP) 


T he  screens,  which  shield  from  internal  (autual) 


are  the  component  eleaent  of  the  nost  cable 


core.  In  this  case  into  screen 


consist  the  circuits  with 


high  transaission  level  and  is  provided  the  possibility  of 


the  organization  of  high-frequency  coaaunicat ion/connect  ion 


along  single-cable  system  (it  runs  itself  one  cable).  In 
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single-cable  communicaticn/connection  the  screens  electrically 
divide  the  circuits  of  direct/straight  and  opposite 
directions  and  eliminate  interferences  between  them. 

In  coaxial  cables  for  providing  the  required  norms  of 

interference  shielding  in  single-cable  conmunication/c onnection, 
external  wire  is  fulfilled  composite.  As  a rule,  it 

consists  of  the  copper  cylinder,  above  which  is  superimposed 
the  winding  from  one-two  layers  of  steel  strip.  Are  known 
also  trimetal  screens  of  construction  copper  - steel 
copper. 

In  the  balanced  cables  of  single-cable  system,  are 

applied  multilayer  separating  screens.  To  Fig.  4.2,  is  shown 
the  symmetrical  shielded  cable  of  single-cable 
communicat ion/connection  for  a system  K-60.  Screen  has 

three- layered  tape/strip  construction  (copper  - steel 

copper)  0.1  am  in  thickness  of  the  layer. 

In  the  radio-frequency  cables  of  antenna  feeder 
designation/purpose,  are  applied  the  screens  of  flexible 

construction  of  the  tyje  of  cover/braid  made  of  copper  or 


steel  vires 
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Jn  low-frequency  cables  are  shielded  separate  wires  and 
circuits  with  high  transmission  level  (circuit  of 
broadcasting,  wirephoto,  signal  wires,  etc.).  As  screens  here 
is  applied  netallized  paper  or  aluminum  foil. 


4.2.  Continuous  screens. 


In  cable  technology  are  applied  the  protective  shells, 
mainly,  from  lead  or  aluminum.  Recently  appeared  also  the 
steel  fluted  shells.  The  shielding  characteristics  of  cables 


are 

improved  during  the 

use 

of 

two-layered  shells 

of 

construction  aluminum 

lead 

and 

aluminum  - steel 

. Aluminum 

is 

superimposed  in  the 

form 

of 

spiral  strip  or 

shells. 
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c cam unicat ion/conn  ection. 


single-cable 


Key:  (1).  three-layer  shield  (copper  - steel  - copper). 
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The  shielding  characteristics  of  cables  also  affect  the 
arnor  deposits  from  steel  strips,  available  at  the  cables, 
intended  for  a separator  directly  into  the  earth/ground. 


The  screening  constant  symmetrical  communication  cables 
with  a capacitance/capacity  of  4 i 4 with  shielding 

shells  of  lead,  aluminum  they  became  giveq  in  Table 
4.1,  but  coaxial  cables  - in  Table  4.2.  Dampings  of  the 


shielding  of  the  cable  sheaths  of  relatively  magnetic  field 
over  a vide  range  of  frequencies  are  given  in  Table  4.3. 


The  values  of  the  screening  constant  of  the  different 
types  of  cables  (urban,  coaxial,  synvetrical)  are  given  to 
Figs.  4.3  and  4.4. 


i 
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Table  4.1.  Screening  constant  of  balanced  cables  with 


ca  paci  t y 


x 4 with  different  protective  shells. 


— 

1 

Eo6  /, 
•Ikm\ 

MKCB 

MKCA 

n MKCAnB 

MKCAcnsn 

MKCCTl 

MKQCn 

I 

50 

10 

20 

30 

50 

100 

200 

300 

0,76 

0,74 

0,67 

0,55 

0,40 

0,35 

0,41 

0,56 

0,22 

0,20 

0,18 

0,15 

0,11 

0,10 

0,14 

0,27 

0,24 

0,21 

0,16 

0,11 

0,09 

0,14 

0,95 

0,95 

0,80 

0,80 

0,85 

0,90 

0,95 

0,79 

0,68 

0,6 

0,47 

0,34 

0,42 

0,54 

150 

5 

10 

0,45 

0,53 

0,20 

— 

0,1 

— 

0,50 

0,47 

300 

5 

10 

0,25 

0,25 

0,12 

0,48 

0,05 

0,72 

0.3 

0,30 

800 

5 

10 

70 

0,091 

Q.090 

0,090 

0,05 

0,15 

0,14 

0,019 

0,018 

0,45 

0,38 

0,14 

0,097 

3000 

5 

10 

70 

0,026 

0.02S 

0,028 

0,014 

0,048 

0,048 

0,048 

0,0048 

0,0048 

0,0048 

0,12 

0,12 

0,12 

0,033 

0,033 

0,026 

5000 

5 

10 

70 

0,021 

0,021 

0,019 

0,01 

0,003 

0,063 

0,003 

0,0033 

0,0033 

0,0033 

0,06 

0.066 

0,  016 

0.  015 

0,  013 

( y ConpoT.  noc- 

TOJIH.  TOKy . 
OM/KM 

< 

2,12 

0,53 

0.*2 

6,25 

2,6 

KoMCrpyKUM 
O&MKWK  H 

( S 1 

CBHHCU  1 .25 
**.  era jb.- 

Hhie  JKHTU 

0,5mm 

u) 

iJDOMH- 

HHft 

1 MM 

(7)  1 

a;noMHHHfi 

1 MM.  CT Mfc- 

Hue  JRHTU 

0.5** 

1 MM,  CMHKH 

1,25  mm,  era- 

mnue  jmrru 

0.5  mm 

(1) 

CTBJS, 

0,4** 

(/■>) 

ajnoMHHffewe 
jkhth  0,2** 
emi*  0,4** 

Key:  {1).  Hz-  (2).  V/km.  (3)-  Resist.  direct  current  0/ka. 

(4).  Construction  of  shell.  (5).  lead  1.25  am,  steel  strips 
0.5  ma.  (6).  aluainua  1 a a.  (7).  aluainua  1 am,  steel 
strips  0.5  am.  (8)-  aluainua  1 aim,  lead  1.25  aa,  steel 

strips  0.5  mm.  (9).  steel  0.4  mm. 

0.2  am  steel  0.4  mm. 


(10).  aluminum  strips 
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Table  4.3.  Attenuation  of  shielding  of  different  cable 

sheaths  o*er  a wide  range  of  frequencies. 

77)  j 

»,*«*  MKCB  MKCB  MKCAI1  MKOUIB  MKCACIlEn  MKCAI1B  MKCCT1  MKCCT1 

4x4  7x4  4X4  4x4  4x4  7x4  4x4  4x7 


5.8  3,5! 

6.6  4.7 

7.7  7,1: 

8.7  9,7 

8.9  11,2 


3,52  5,37 
4.75  6,89 
7,12  8,75 
9,74  10,9 


i.e 


KoHcTpy*- 
Kiu  060- 


n oo 

ito  ajBo- 

— hP  muhhA 


“ S ~SP  HUHHft  * 

2 5*  Si  a l**  | 

Sp“l  if-:.  I 

uo  o Co  3 


9,9  I ~ I - 

5 1 ITT 

1*6)  ^ IS* 
11.  VS.  I-S 

ib  r isi 


Key:  (1).  kHz.  (2).  Construction  of  shell?.  (3).  lead 


mm  steel  strips 


(4).  aluminum  1 on.  (5).  aluminum  1 


mn  steel  strips  0.5  mm.  (6)-  aluminum  1 mm  lead  1.3  mm 
steel  strips  0.5  mm.  (7).  steel  0.4  mm.  (8).  aluminum 
strips  0.2  am  steel  0.4  am. 
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From  given  data  it  follows: 


1.  Aluminum  shell  has  substantially  better  shielding 
characterist ics,  than  lead  and  steel.  in  a comparatively  low 
frequency  band  (to  5 kHz)  the  shielding  characteristics  of 
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cable  in  steel  shell  (flKSSP  4x4)  and  the  lead  armored 
cable  (AKSB  4x4)  are  approximately  analogous,  while  in 
the  range  of  high  frequencies,  the  cables  in  steel  shell 
possess  substantially  the  best  characteristics.  Best  screening 
effect  is  reached  during  the  application/use  of  a 
two-layered  shell  of  the  type"  aluminum"  - steel.  Aluminum 
possesses  good  conductivity,  steel  - by  high  magnetic 
properties. 


2.  Shielding  properties  of  shells,  containing  magnetic 
material  (steel),  depend  substantially  on  value  of 
longitudinal  emf  (££5)*  induced  in  shell.  As  can  be 

seen  from  Fig.  4.3,  with  an  increase  eraf^  the  value  of 
screening  constant  decreases  at  first,  and  then,  after 
achieving  the  minimum,  somewhat  grow/rises.  This  is  caused 
by  the  dependence  of  magnetic  permeability  on  the  value  of 
magnetic  intensity  in  steel.  The  shielding  properties  of 
nonmagnetic  materials  do  not  depend  on  value  emf  in  shell. 
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4x4;  5 - MKTP-4;  6 - MKSB  4x4;  7 - MK  SB  1 x 4; 

8 - HKP  1 x 4. 


Key:  (1).  Hz. 
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3.  Increase  in  diameter  of  cable,  and  also  thickness 
of  shell  gives  noticeable  improvement  in  shielding 
properties. 

Were  above  corrected  values  of  screening  constants  under 
the  idealized  conditions.  Under  actual  conditions  the 
shielding  properties  of  cables  depend  on  the  conditions  of 
grounding,  length  of  cable,  and  also  the  state  of  circuit 
"shell-ground".  In  all  cases  real  screening  effect  is  worse 
than  ideal. 

Fig.  4.5  shows  the  dependence  of  the  real  value  of 
the  coefficient  of  shielding  on  value  ysol,  where  yoe  — 
the  propagation  factor  of  circuit  "shell-ground"  and  l — 
the  length  of  cable.  At  low  values  y06  i that  corresponds 

the  case  of  the  ruby-colored  length  of  cable  or  low 


to 
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value  of  propagation  factor  (insulation  of  shell  from 

ground),  F is  snail  and  screening  effect  sharply  descends. 

At  large  values  Yo«/,  i.e.,  with  the  large  length  of 

cable  or  the  large  propagation  factor,  F » 1 and  real 

screening  effect  reaches  ideal. 

Cables  with  jute  deposit  in  coaparisoq  with  cables  in 
plastic  shell  have  better  relationshi  p/ratic  between  the  real 
and  ideal  shielding  coefficient.  This  is  caused  by  large 
value  Yo«  of  jute  cables. 

They  substantially  affect  the  value  of  the  real 


screening  < 

constant 

of 

the 

value  of  earth 

resistance.  The 

lesser  th  e 

value 

of 

earth 

resistance,  the 

real  screening 

effect.  Tc 

Fig.  4 

• 6, 

is 

shown  the  value 

of  the  real 

screening  constant  with  different  values  cf  earth  resistance 
and  lengths  of  cable  (cable  MKSB,  4 x 4 with  f = 50 

Hz ) , . Here  shown  ideal  value  of  screening 


constant 
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Fig.  4.5.  Coefficient,  which  characterizes  real  screening 
effect. 


Fig.  4.6.  Real  screening  constant  with  the  different  values 
of  earth  resistance  and  at  lengths  of  cable. 

Key:  (1).  ohm. 
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For  providing  a good  value  of  real  screening  constant,  it 
is  necessary  to  have  low  earth  resistance,  and  in  cables 


DOC  = 78000205  PAGE  MT 

with  plastic  deposit  periodically  along  route  to  equip 
groundings  (through  every  2-3  km). 

The  analysis  given  above  proceeds  fro*  the  condition 
that  near  cable  there  are  no  other  extended  netallic 
object/subjects.  If  at  trench  lie/rests  not  one,  but  several 
cables  or  are  surrounding  netallic  masses,  then  screening 
effect  noticeably  is  improved.  Moreover  the  thicker  the 
cables,  the  greater  the  screening  effect.  This  is 
graphically  illustrated  by  curve/graph  Fig.  4.7,  where  is 
shown  the  dependence  of  screening  effect  on  the  number  of 


cables 

and 

their  diameter. 

For  example,  for  the  cables  with 

a 

diameter 

of 

4 0 mm  the 

presence  of  two  adjacent 

cables 

is 

led 

to 

an 

improvement 

in  screening  effect  two 

times. 

I 

1] 

4.3.  Tape /strip  screens. 

Tape/strip  type  screens  are  fulfilled  from  copper, 
aluminum  or  steel  strips.  Strips  are  superimposed  on  the 
shielded  groups,  splice  or  cable  as  a whole  in  the  form 

of  fish  winding  or  it  is  longitudinal  along  cable.  Screen 

strips  can  be  superimposed  butt  (Fig.  4.8),  and  also  with 
positive  and  negative  overlap  (with  the  gap  between  strips). 

Tape/strip  screens  can  be  both  single-layer  and  multilayer. 

i.J 
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t tt  it  so  *i  so  so  t:  m 


Fig.  4.7.  Screening  effect  of  urban  telephone  cables  of  the 
type  TG  at  frequency  800  Hz  depending  on  diaaeter  under 
lead  covering  with  the  different  nuaber  cf  cables  in 
channeling. 


Key:  (1).  s,  an. 

*) 


(■  /)  tiupaHHbw  • i)  Itfii D«™«i 


azmamazm 

(Af  neptnptimucM  (H ) Bern  an  ( 5)  f saiotoM 

b*i 


( (,)  JfMWWM  C'J)  nwttAMtM 

Fig.  4.8.  Tape/strip  (a)  and  braided  (b)  shields. 
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Keys  (1).  Spiral-  (2).  Longitudinal-  (3)-  With  overlap-  (4). 
Butt.  (5).  With  gap-  (6)-  Tape/strip-  (7)-  Wire. 

Page  95- 

Are  known  the  combined  tape/strip  shields  of  the  type 
copper-steel-copper,  aluminum-steel,  etc- 

Tape/strip  type  screens  widely  are  applied  in  cable 
technology.  They  are  the  component  element  of  communication 
cables  in  plastic  shells,  which  shields  circuits  from 
outside  interferences  and  which  stabilizes  the  parameters  of 
the  transmission  of  cables.  Tape/strip  type  multilayer 

combined  screens  perform  also  the  role  of  the  separating 
screens,  which  separate/liberate  the  circuits  of 
direct/straight  and  opposite  directions  in  single-cable 

communicating  system. 

The  shielded  groups,  lays  have,  as  a rule,  winding 
structure.  Therefore  it  is  logical  to  expect  that  between 
pitch  of  strands  of  screen  and  cable  is  a determined 

optimum  relationship/ratio.  Furthermore,  there  are  optimum 
dependences  between  the  thickness  of  the  layer  of  multilayer 
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tape/strip  screens  and  the  superposition  methods  of  layers. 


Belov  are  set  forth  the  results  of  the  investigation 

of  tape/strip  type  multilayer  combined  screens  and  are  given 
the  fundamental  principles  of  the  construction  of  such 
screens.  Tape/strip  screens,  on  the  basis  of  the 

technological  special  feature/peculiarities  cf  cable  works, 
have  predominantly  spiral  form.  The  vidth  of  screen  strip 

(c)  is  connected  with  the  angle  of  imposition  (a),  by 
winding  pitch  (ha),  by  the  diameter  cf  the  shielded  part 

of  the  cable  (da)  by  relationship/ratio  c— h^coa  a— nd»sina. 

This  follows  directly  from  Fig.  4.9,  where  is  depicted  the 
scanning/sweep  of  one  splice  of  screen  strip  to  plane.  The 


greater  the  diameter  of 

cable  (<U). 

facts  wider  must 

be 

strip.  Between 

the  width 

of  screen 

strip  and  winding 

pitch. 

also  there  is 

a direct 

dependence. 

In  limiting  cases 

when 

a = 90°  width 

of  strip 

r=*ndfc 

and  when  a > 0 

value  c — > 0.  In  real  cable  make-ups  the  overlap  angle 

(a)  is  found  from  30  to  80°. 


Let 

us  examine  the  dependence  of 

screen 

attenuation  on 

the 

space 

of  the 

imposition 

of 

screen 

strips 

(*•) 

a nd 

let 

us  determine 

the  effect 

of 

the  mismatch 

of  the 

space 

of 

sc reen 

strips 

(fin)  and 

pitch  of 

strand 

of  circuit  (fin) 
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To  Fig.  4.10,  are 

shown  the 

results  of  the 

measurements  of  spiral 

screens  with 

the 

different 

relationship/ratios  of 

the  space  of 

the 

imposition 

of  screen 

and  of  pitch  of  strand  of  circuit 

Ag 

and  during 

the 

different  constructions 

of  screens. 

Pitch 

of  strand 

of 

circuit  A„=  100  am. 

Frequency  of 

the 

measurements 

110 

kHz.  For  the  development/detection  cf  the  effect  of  contact 
resistance  between  screen  strips  on  screening  effect 
measurement  underwent  also  the  screens,  made  from  strips 
with  the  lacquered  surfaces.  The  maximum  value  of  shield 
attenuation  occurs  when  A,-*,. 
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In  this  case  all  the  structural/design  varieties  of  screens 
(overlap,  joint,  gap)  give  the  best  effect.  In  the  absolute 
value  of  value  A„  for  the  different:  constructions  of 
screens  when  ha=hu  comparatively  they  differ  little  from 


each  other.  At  the  mismatched  spaces  (tu^hq)  and  the 
presence  of  gaps,  value  Aa  sharply  changes.  So,  if  when 
the  screen  attenuation  of  the  strips,  superimposed 


with  gap  3 mm. 

is  2.6  Np, 

then 

when 

hgl  /ifl  = 0,5 

value 

A» 

decreases  to  1.6 

Np.  An  increase 

in 

the  gap 

is 

led 

to 

regular  decrease 

in  screening 

effect. 

Mith  matched 

pitch  of  strands 

o f 

circuit 

a nd 

of 

the  winding  of 

screen  strips 

h* 

the 

presence 

of 

gaps 

and 
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slots  in  screen  aanifests  itself  comparatively  little.  So 
the  gaps  with  a width  of  10  ■■  when  A»/AH=  1 decrease 

valae  Aa  altogether  only  by  0.4  Np,  while  when  hjh*= 0,5 
decrease  is  2 Np. 


To  Pig.  4.11,  is  given  the  frequency  dependence  of  the 
screen  attenuation  of  spiral  screens  with  the  different 


width 

of 

shield 

strip  [c  = 

v-m 

ni  (a)  and  30  ma 

(bj. 

Pitch 

of 

strand 

of  circuit 

100 

aa.  Here  corrected 

values  A » 

of  continuous  cylindrical  screen.  The  shielding 
characteristics  of  screen  substantially  affects  the  width  of 
screen  strip.  Hith  narrow  strip  screen  attenuation  is  lower 
than  with  wide. 
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Fig-  4.10. 


Fig.  4.11. 


Fig.  4.10.  Besults  of  the  measurement  of  spiral  screens 
with  different  r elationship/ratios  (*<,-<100  mm).  where  1 

cylindrical  screen  (1  = 0.08  mm)  ; 2 - cepper  strip  with 
overlap;  3 - copper  strip  with  overlap  (lacquered);  4 

copper  strip  butt;  5 - copper  strip  (gap  3 ■)  ; 6 
copper  strip  (gap  - 10  mm). 


Key;  (1).  Np. 


Fig.  4.11 


Besults  of  the  measurement  of  screening  effect 
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with  the  different  width 
30  mm  (a)  and  C = 71 

screen;  2 - strip  with 

strip  with  gap  3 mm;  5 


of  copper  screen 
mm  (b)  , where  1 
covering;  3 - stri 

strip  with  gaF 


strips  (c) 
cy lindr ical 
p butt;  4 
10  mm. 


C = 


Key;  (1).  Np.  (2).  kHz. 


Page  97. 

Especially  substantially  the  width  of  strip  affects  during 
its  imposition  butt,  also,  with  gaps.  So,  with  narrow  strip 
gap  3 mm  by  frequency  150  kHz  descends  A3  almost  by  2 
Np,  and  with  wide  strip  - altogether  only  by  0.35  Np.  The 
frequency  dependence  of  screen  from  narrow  strips  with  gaps 
has  flatter  character,  than  in  the  screen,  made  from  wide 
strips.  With  an  increase  in  matched  pitch  of  strand  (h3**hv) 
grow/rises  screening  effect  and  the  best  results  they  are 
reached  when  h^  — h^oo. 


The  frequency  dependence  of  the 
cultilayer  screens  with  the  different 
imposition  of  screen  strips  is  given 
cases  copper  layers  were  superimposed 


screen  attenuat ion  of 
methods  of  the 
to  Fig.  4.12.  In  all 
equally  with  overlap. 
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ef fectiveness  of  the  imposition  of  two  steel  strips  with 
gap  (3)#  the  second  strip  overlapping  the  gaps  of  the 


first  strip.  Here  for  a comparison  are  given  the  results 
of  the  measurement  of  five-layer  steel-copper  screens  (5). 


In  ail  cases  were  utilized  the  copper  strips  with  a width 

of  30  mm  and  with  a thickness  of  0.08  mm,  steel  strips 
by  the  width  of  25  mm  and  by  the  thickness  of  0.1  mm. 

Overlap  of  strips  gives  essentially  the  best  results  (on  1 
Np) , than  the  imposition  of  strips  butt,  also,  with  gap- 
The  difference  between  the  imposition  of  strips  butt  and 
with  gap  is  altogether  only  0.2-0. 3 Np.  The  third 
superposition  method  of  strips  (two  strips  with  gap)  is 
virtually  egivalent  to  the  imposition  cf  strips  with 
overlap. 


Keeping  in  mind  the  technological  difficulties  of  the 
imposition  of  steel  strip  with  overlap,  it  is  expedient  if 
necessary  of  obtaining  the  large  values  A , to  apply  the 
superposit ion  method  of  two  steel  strips  with  gap. 

Five-layer  screen  in  comparison  with  the  best  constructions 
of  three-layered  screens  gives  supplementary  effect  in  1, 
-1.5  Np. 
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Comparing  the  effect  of  gaps  in  the  screens  of 
multilayer  and  single-layer  constructions,  it  can  be 
that  in  multilayer  constructions  it  manifests  itself 
considerably  less 


U 


no  ted 
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This  is  explained  to  the  facts  that  in  the  multilayer 
screen  constructions  of  the  slot  of  one  layer  they  overlap 
with  the  strip  of  another  layer,  and  therefore  the 
emission/radiation  of  energy  decreases. 


On  Fig.  4.13,  is  given  comparative  evaluation  of 
different  constructions  of  screens  according  to  their 
screening  effect  in  wide  freguency  spectrum.  The  best  result 
provide  continuous  shells  and  two-layered  shells.  The 


two-layered 

shell , 

which  consists 

of 

copper 

strip 

a nd 

steel 

cove  r/braid. 

gives 

in  comparison 

with 

other 

types 

o f 

t he 

measured  screens  the  greatest  screening  effect,  moreover  it 
is  effective  both  in  the  tone  frequency  spectrum  and  in 
the  range  of  high  frequencies. 


A screen  of  the  type  of  steel  cover/braid  gives  a 
good  effect  in  the  range  of  low  frequencies,  and  in  the 
range  of  high  frequencies,  its  action  substantially  descends 
on  the  strength  of  emission/radiat ion  from  slots.  The 
screening  effect  of  copper  cover/braids  depends  on  the 
density  of  the  imposition  of  wires.  At  frequency  1 RHz, 
the  cover/braid  of  lOOo/o  density  possesses  on  1.5  Np 
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greater  screen  attenuation  than  the  cover/fcraid  of  50o/o 
density. 

The  action  of  the  aetallized  paper  as  electro® agnetic 
screen  is  developed  only  with  20  kH« ; in  terns  of  absolute 
value  its  effect  is  very  small. 

To  Fig.  4.14,  are  given  the  results  of  the  measurement 
of  the  screening  effect  of  the  semi-conducting  electrical 
shell  with  the  grounding  through  different  intervals  along 
the  length  of  cable.  From  curve/graphs  it  follows  that  the 
grounding  of  screen  gives  essential  effect  in  a decrease  in 
the  effect  of  electrostatic  field.  Grounding  at  both 
end/leads  of  the  cable  gives  screen  attenuation  on  1 Kp 
more  than  at  one  end/lead.  The  more  frequent  along  the 
length  of  cable  is  arranged  the  grounding,  the.  Hith  an 
increase  of  frequency,  the  effect  of  grounding  decreases. 

During  the  determination  of  the  optimum  construction  of 
cable  separating  screen,  it  is  necessary  along  with  the 
shielding  characteristics  to  consider  also  the  reaction  of 
screen  and  v,  the  first  turn,  the  electrical  losses, 
introduced  by  screen  into  the  circuit  of  transmission. 


* 
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Fig.  4.13.  Besults  of  aeasureaent  of  the  screens  of  the 
different  construction:  1 - copper  strip  and  steel 

cover/braid;  2 - copper  strip;  3 - copper  cover/braid 
(lOOo/o  density);  4 - copper  cover/braid  <50o/o  density); 

- lead  covering;  6 - aetalliaed  paper;  7 - rare  steel 

cover/braid  (d  of  wires  0.24  go) . 

Key:  (1).  Np/km.  (2)  . kHz. 

Fage  99. 

To  Fig.  4.15,  are  given  the  results  of  the 
■easureoents  of  the  different  constructions  of  two-layered 
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screens  in  the  spectrum  to  150  kHz.  In  all  cases  copper 
was  arrange/located  nearer  to  the  source  cf  interferences. 


Thickness 

of 

copper  strip  0.08 

mm 

, wirina 

— 

27  mm  ; the 

thickness 

of 

steel  strip  0. 1 

mm. 

width  - 

25 

mm.  From  the 

character 

of 

frequency  dependence 

and  absolute 

values 

findings 

can 

be  divided  into 

two 

groups. 

la 

the 

first  group  enter 

the 

screens 

with  electrically 

uniform  < 

are 

copper  by  layer. 

Here 

losses 

are 

small  and 

with  an  increase  of  frequency  have  the  falling/incident 
character.  This  is  caused  by  screening  effect  of  copper 
layer.  In  the  second  group  are  located  the  screens  with 

electrically  heterogeneous  copper  layer.  In  this  case  the 
field  of  interferences  penetrates  through  the  slots  of 
copper  layer  in  steel,  and  losses  are  determined  by  the 

paraaeters  of  steel  layer.  In  the  second  case  of  loss,  it 
is  aore  than  in  the  first,  almost  8-10  tines  (in  frequency 
150  kHz). 

Conparing  losses  during  the  different  constructions  of 
steel  layer,  it  is  possible  to  note  that  the  greatest 
losses  introduce  the  layer,  superimposed  with  the  overlap  of 

steel  strips.  An  increase  in  the  number  of  layers  of 
screen  to  3-4  or  more  in  practice  very  little  affects  the 


H 
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magnitude  of  losses,  introduced  by  screen. 


On  the  basis  of  the  aforesaid  higher  it  is  possible 
to  formulate  following  recommends ticns  regarding  the 
construction  of  the  separating  screens  of  spiral 
construction. 
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constructions  of  two-layered  tape/strip  screens. 

Key:  (fl).  ohm.  (B) . construction  of  screen.  (C)  . Steel  is 

overlapped,  copper  - gap.  (D) . Steel  - gap  is  copper  - 
gap.  (E).  Steel  is  overlapped.  copper  - joint.  (F)  . Steel 

- gap  is  copper  - joint.  (G)  . Steel  - gap  is  copper 

joint*  (H).  Steel  it  is  overlapped,  copper  - it  is 
overlapped.  (I).  kHz. 

Page  100. 


1.  Selection  of  materials,  their  coafination  and 
location  aust  be  such,  so  that  skins  of  screen  would  give 
best  results  on  attenuation  of  reflection  A0.  and 
internalization  - maxinun  values  of  attenuation  of  absorption  ^n. 
Therefore  for  skins  one  should  utilize  nonmagnetic  materials 
with  large  reflectivity  (copper,  aluminum),  and  for  interior 
layers  - magnetic  materials  (steel.  Permalloy).  Best  of  all 
for  interior  layers  to  use  several  different  materials  with 
large  p. 


2.  Optiaum  relationship/ratio  of  thickness  of  the  layer 
depends  on  frequency  range  for  which  is  constructed  screen. 
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Best  screening  effect  they  give:  to  10  kHz  - the  equal 

layers  of  copper  (aluminum)  stopped,  from  10-20  kHz  ate 

above  - the  thin  layers  of  copper  ialuainum)  and  the  thick 

layers  of  steel.  The  higher  the  frequency,  the  more 

effective  the  thicker  layers  of  steel.  With  direct  current 

and  at  very  low  frequencies  (0-0.5  kHz) , and  also  in  the 

frequency  region  more  than  1000  kHz  best  screening  effect 

give  uniform  magnetic  screens  made  of  steel. 

3.  Losses,  introduced  by  screen  into  circuit  of 


transmissi on , 

determine 

need  for  havinq 

nonmagnetic 

skins 

for 

any 

frequencies.  The 

thickness  of  these 

layers  must 

be 

such 

so 

that  the 

field  of 

interferences  would  be  closed 

in 

nonmagnetic  metal  and  would  not  penetrate  steel.  For 
obtaining  minimum  losses  the  thickness  of  external  (copper. 


alumimun) 

layers 

one 

should 

accept 

the  equal 

or 

la  rger 

equivalent 

depth 

of 

penetration 

of 

the  field 

of 

the  highest 

transmitted 

frequency 

(t  ^ 

0)- 

These  layers 

one 

should 

fulfill  with  overlap. 

4.  Layers  it  is  to  fulfill  as  far  as  possible 
continuous  with  greatest  electrical  uniformity.  Joints  and 
gashes  in  electromagnetic  screens  must  be  acrange/loca ted  so 
that  they  would  have  the  direction  along  the  probable  path 


, 


k 


V»»  - . " 
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of  the  propagation  of  eddy  currents  in  screen  and  would 
not  intersect  these  currents.  In  magnetostatic  screens  from 
magnetic  material  joints  and  gashes  one  should  orient  of 
the  in  parallel  to  the  lines  of  force  magnetic  field  of 
the  source  of  interferences.  Furthermore,  gashes  and  the 
slots  of  one  layer  compulsorily  must  overlap  with  the 

continuous  metallic  mass  of  another  layer. 

5.  Screen  strips  one  should  superimpose  with  space, 
egual  to  pitch  of  strand  of  circuit  (h,=h„),  and  in  that 

direction,  that  also  spiral  joining.  Strips  must  be 
superimposed  with  the  overlap  2-3  mm  and  have  the  maximum 
width  which  according  to  design  considerations  it  makes  it 

possible  to  use  the  taken  space  of  helicity  (h,)  and 
diameter  of  the  shielded  splice  (d,).  With  technological 
difficulties  in  the  imposition  of  screen  strips  with  overlap 
(steel)  is  possible  the  imposition  of  two  strips  with  gap, 
moreover  upper  strip  must  overlap  the  gap  of  lower. 


6.  Surface  of  screen  strips  must  be  free  from  oxides, 
corrosion  and  other  defects  so  that  between  strips  would  be 
good  electrical  contact.  This  especially  is  substantial  with 
the  uncoordinated  space  of  screen  strips  and  pitch  of  chain 
(fh¥*hn).  Is  expedient  the  coating  of  screen  strips  with 
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anticorrosive  metallic  composition  with  good  electrical 
conductivity  (tinplating  and  so  forth) - 

Page  101. 

7.  In  multilayer  screens  screen  strips  must  be 
superimposed  with  matched  pitch  of  strand  (h„=ha)  so  that 

each  layer  would  have  direction,  coinciding  with  direction 
of  spiral  joining  of  turned  to  it  lays.  Screen  strips  must 


be 

superimposed 

with 

overlap 

and  have 

maximum 

possi ble 

width,,  on  the 

basis 

of  the 

diameter 

of  the 

shielded  splice 

and 

taken  pitch 

of 

strand. 

8.  For  decrease  in  effect  in  communication  cables 
shielding  shells  it  is  to  ground  from  both  end/leads  of 
cable,  the  more  freguent  the  grounding,  the  better- 


4.4.  Braiding  screens. 


The  screens  of  the  flexible  feeder  cables  of  antenna, 
assembling  and  station-type  designation/purpose  are  fulfilled 
predominantly  in  the  form  of  metallic  cover/btaids 


from 
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fine/thin  circular  wires  or  strips,  such  screens  are  the 
complex  system  o i the  wires  of  round  or  rectangular 
(tape/strip)  section.  Cover/braid  is  fulfilled  into  two 
layers,  one  of  which  has  right  direction  of  lay,  and 
another  - left.  Are  known  also  the  one-sided  cover/bra  ids, 
which  have  metallic  strands  only  in  one  direction.  Circular 
wires  have  a diameter  0.1— 0.5  mm  and  are  banked  in  ply  of 
2-4  and  more  wires. 


In  cable  technology  greatest  propagation  have  the 
entanglements,  with  which  each  ply  cover/ccats  with  itself 
two  others,  and,  in  turn,  is  covered  by  two  following 
plys.  Are  most  common  cover/braids  of  16  plys.  There  are 
cover/braids  of  18-36  plys.  The  presence  of  law  in  the 
number  of  plys  and  the  order  of  their  entanglement  makes 
it  possible  to  establish/install  the  definite  dependence 
between  the  diameter  of  screen  (d3),  the  space  of 

cover/braid  (hB),  the  width  of  plys  and  a guantity  of 
wires  (or  strips)  in  one  ply. 


Similar  to  pitch  of  strand,  the  space  of  cover/braid 
he  is  called  the  measured  along  the  axis  of  cable  length 
for  extent/elongation  of  which  a series  is  described  the 
complete  revolution.  The  most  important  parameter  of 
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co ver/braid 

is  the  angle,  forced 

by  the 

direction  of 

ply 

arvd  by  the 

line,  perpendicular 

to  the 

axis  of  cable. 

To 

Fig.  4.16, 

is  shown  the  pattern 

of  the 

location  of 

plys 

of  one  layer  of  cover/braid,  expanded/scanned  to  plane. 
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Fig.  4.16.  Pattern  of  the  location  of  plys  of  one  layer 
of  cover/braid,  expanded/scanned  to  plane. 


Key:  (1).  Pattern  of  the  location  of  plys  (strips)  of 

braid:.  (2).  Position  of  the  wires  of  cover/braid  with 
crossing. 


Page  102. 


From  the 

figure  one 

can 

see 

that 

c' 

= c/cos  a = nd/cos 

a,  where 

c is 

width 

of 

ply; 

n - 

the 

number  of  wires  in 

ply;  d - 

the 

wire 

diameter; 

a — 

the 

angle  of  the 

imposition 

of 

co  ver/braid. 

Quantity 

of 

plys  a (in  one 

direction) 

, necessary 

for 

complete 

coating  of  the  surface  of 

screen  at 

the 

1 ength 

of 

one 

space 

of 

cover/braid,  is 

from  expression  cos  a/nd. 


determined 
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The 

depen  dence 

between 

the 

space  of  cover/braid. 

the 

width  of 

ply 

and 

quantity 

of 

plys  is  deterained  by 

formula 

h,*=mclcos  a 

or 

from 

other. 

Since 

tga=ha/ndf>  and  cos  a 

= of 

v a/t- r 

tg2 

r>i  e-vt 

In  connection  with  tape/strip  cover/braid  from  flat/plane 
wires  in  these  relationship/ratios,  one  should  accept;  ■ - 
the  number  of  strips  in  one  direction  at  the  length  of 
the  space  of  cover/braid;  c is  width  of  strips. 

A quantity  of  plys  (strips)  and  their  width  is 
selected  depending  on  the  required  density  of  cover/braid. 

The  density  of  cover/braid  is  expressed  as  percent  ratio  of 
the  surface  of  screen,  covered  with  metal  flu , to  the 

complete  surface  of  /7.  Per  screen  of  one  layer  of 
cover/braid  density  will  be  deterained  by  formula  K,=—  -100= 


- ■ 100%  or,  if  it  is  known  air-gap  clearance  s,  K,  * 

h%  cos  u 


(c/c 

* s)  lOOo/o. 

Taking 

into 

account 

that  cover/braid  has 

two 

layers,  its 

density 

will 

be. 

it 

is 

logical. 

a nother , 

since 

the  clearances  of 

one 

layer 

will 

partially 

o verl ap 

with  the  wires  of  another  layer.  In  cable  technology  it  is 
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accepted  the  complete  density  of  cover/braid  to  calculate 
according  to  fornula  K = (2Kj  - K*t)«10Co/o. 

By  cable  screens  the  density  of  cover/braid,  as  a 
rule,  exceeds  90o/o.  In  the  complete  absence  of  slots,  the 


density  of  cover/braid 

will 

be 

lOOo/o.  But 

virtually  this 

is  inaccessible,  since 

plys 

or 

the 

strips. 

which 

go  in  i 

direction,  cannot  lie 

close 

to 

each 

ether. 

since 

t hem 

divide  plys  (strips). 

which 

go 

in 

the  opposite 

direction. 

From  Fig.  4.16,  it  is  evident  that  between  plys  is  gap 
with  value  0.73c/  (where  d - the  diameter  of  the  wires  of 
cover/braid).  Tape/strip  cover/braid  has  a smaller  quantity 
of  gaps,  than  cover/braid  from  circular  wires. 

It  is  of  interest  to  examine  the  following  questions: 

- the  effect  of  helicity  on  the  shielding  properties; 

- effect  longitudinal  and  the  transverse  slots,  gashes 
and  gaps  in  flexible  screens; 

- shielding  action  of  cover/braids  with  the  different 
relationship/ratios  of  pitch  of  strand  of  circuit  and  space 
of  the  helicity  cf  cover/braid; 


74 


- the  special  feature/peculiarity  of  the  frequency 

dependence  of  screening  effect  of  braiding  screens; 

- the  role  of  contact  resistance  between  the  wires  of 

cover/braids  on  screening  effect  such  of  screens; 

- screening  effect  in  the  direct/straight  and  contrary 

direction  of  circuit  and  screen  wires,  strips; 

- the  density  effect  of  cover/braid  and  diameter  of 

wires  (width  of  strips)  on  the  shielding  properties. 

Page  103. 

The  effect  of  helicity  and  the  role  of  slots  were 
explained  on  the  experimental  model  of  the  screen,  made 
from  the  copper  strips  with  a width  of  7-12  mm  and  with 

a thickness  of  0.08  mm.  screen  strips  were  superimposed 


with 

the 

different  spaces 

of 

helicity 

h»=25-=- 100 

mm  ; 

pitch 

of 

strand 

of  circuit 

a 

II 

Oi 

o 

mm.  Between 

wind ing 

pitch 

of 

strips 

and  pitch 

of 

stra  nd 

of  circuit. 

w as 

observed 

strict 

equality  (h9 

=K). 

The 

gap  between 

strips 
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was 

retained  in  2-3  an.  The 

results  of 

the 

aeasuremen  t 

of 

the 

screen  attenuation  of  such 

slotted 

screens 

in 

the 

range 

of 

frequencies  froa  20  to  150 

kHz  are 

given 

to 

F igs. 

4.  17 

and 

• 

CD 

1 

Examining  the  given  results,  it  is  possible  to 
reveal/detect/expose  the  following  laws: 

“ with  an  increase  in  pitch  of  strand  of  screen 
strips  (ht^hn)  screen  attenuation  grew/rises;  when 

screening  effect  is  naxiaua; 

~ slots  exert  a substantial  inf-luence  on  screening 
effect,  noticeably  decreasing  the  value  of  screen 
attenuation; 

- the  agreeaent  of  winding  pitch  of  screen  and  pitch 
of  strand  of  circuit  it  has  also  great  effect  on  the 
value  of  screen  attenuation.  During  strict  agreeaent  of 
spaces  fa  ha)  screening  effect  is  naxiaua. 
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Fig-  4- 18- 


Fig-  4.17.  Measurement  of  the  frequency  dependence  of  screen 
damping  of  copper  cover/braid  at  different  values  *•/*■• 


where  1 - V\-i;  2 - 3 - 


4 - V\-°.» 


Key:  (1).  Np.  (2).  Drum  shell.  (3)..  KHz. 


Fig.  4.18.  Screen  attenuation  of  ccver/braid  from  the  copper 
strips:  1 - cylinder  (f  = 150  kHz)  ; 2 cylinder  (f  = 

60  kHz);  3 - strip  (f  = 150  kHz);  4 - varnish-treated 
tape  (f  = 150  kHz)  ; 5 - copper  strip  (f  = 60  kHz)  ; 6 
va rnish- treated  tape  (f  = 60  kHz)  . 
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Kay:  ( 1) . Np. 


Page  104. 

During  the  disagreement/mis  natch  of  spaces,  value  A* 
decreases.  So,  with  f - 150  kHz  a change  in  the 

relationship/ratio  hjhn  from  1.0  to  0.5  is  led  to  a 
decrease  in  the  screen  attenuation  to  35o/o  (from  2.5  to 
1.9  Np)  . This  phenomenon  has  completely  logical  physical 
explanation.  With  matched  pitch  of  strands  of  circuit  and 
winding  of  screen  (ha=h„)  are  created  the  most  favorable 

conditions  of  the  passage  of  eddy  currents  in  screen 
(current  it  follows  along  the  screen  strips).  With  the 
disturbance/breakdown  of  equality  between  h3  and  hn  eddy 
current,  being  propagated  on  screen  with  pitch  of  strand  of 
circuit  (hv),  it  encounters  in  its  path  of  slot,  gash, 
the  contact  resistance  of  wires  and  other  obstructions, 
which  lower  eddy  current  and  which  decrease  screening 
effect. 


The  effect  of  the  agreement  of 


pitch  of  strands  of 
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circuit  and  helicity  of  screen  appears  both  in  the  slotted 
screens  and  of  spiral  screens  without  slots;  however,  of 
slotted  screens  it  manifests  itself  note  powerfully. 


To  Fig.  4.19,  is  given  the  frequency  dependence  of  the 
screen  attenuation  of  screens  with  longitudinal  and 
transverse  gashes.  Transverse  gashes  nore  adversely  affect 
the  shielding  properties,  than  longitudinal,  equipment/device 


of  longitudinal 

gashes 

(through  8 mm) 

with  f 

= 150 

kHz 

led  to  a decrease  in 

value  A„  from 

4. 8 to 

3.8 

Np, 

and 

equipment/ device 

of  transverse  gashes 

(th  rough 

10 

led 

virtually  to  the  total  loss  of  screen  properties  048=O,6 
Np) . The  character  of  the  frequency  dependence  of  screens 
with  longitudinal  and  transverse  gashes  is  various.  In  the 
first  case  is  observed  an  increase  in  screening  effect  with 
an  increase  of  frequency  approximately  according  to  the  law 
of  continuous  screen.  In  the  second  case  an  increase  in 
the  frequency  does  not  give  a noticeable  increase  in  the 
screen  attenuation. 


Differently  also  manifests  itself  in 
longitudinal  and  transverse  slots  their  v 
with  the  longitudinal  slots  an  increase 
slot  is  led  to  a considerable  decrease 


screens 
alue.  If 
in  the 
in  the 


with 

in  screens 
width  of 
screen 


is  led  to  a considerable 
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attenuation. 

then 

in 

screens 

with 

the 

transverse 

slots  its 

width  plays 

almost 

no 

role. 

In 

screens 

with  the 

longitudinal 

slot  s 

and 

gaps. 

t he 

value 

of  screen 

a tten  uation 

sharply  changes  with  an  increase  in  the  width  of  slots.  By 
itself  presence  of  longitudinal  gash  is  net  produced  a 
considerable  decrease  in  value  A». 
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Fig.  4. 19. 

Hesul ts 

of  the  aeasurement 

of 

copper  screens 

(t 

- 0.08  am) 

with  the  longitudinal  (2) 

and 

transverse  (3 

and 

4)  gashes 

also  of 

drum  shell  (1). 

Key:  (1). 

Up.  (2). 

kHz. 

Page  105, 

To  Pig.  4.20,  are  given  the  results  of  the 
measureaents  of  screening  effect  of  coaxial  cables  in  the 

spectrum  to  5 H Hz  with  screens  from  the  different 

coabinations  of  copper  and  steel  cover/braids.  Here  for  a 

comparison  corrected  values  of  screen  daaping  of  continuous 
copper  tube.  According  to  the  character  of  frequency 


DOC  = 78000205 


dependence  curves  can  be  subdivided  into  two  groups?  purely 
uniform  copper  cover/braids  (curved  1,  2,  3)  and  the 

combined  cover/braids  aade  of  copper  and  steel  (curved  4 
and  5).  The  special  feature/peculiarity  of  the  frequency 


dependence 

of 

uniforn  copper  cover/braids 

lies  in  the  fact 

that  at 

first 

they  give 

positive  effect. 

and  then  in  the 

range  of 

high 

frequencies 

their  screening 

effect  sharply 

descends. 

This 

is  caused 

by  phenomenon  of 

the 

eaission/radiation  of  high-f reguency  electromagnetic  energy 
from  the  slots  of  cover/braid.  The  effect  of  slotted 
eaission/radiation  begins  to  manifest  itself  with  frequency 
10*  Hz  for  single-la/er  cover/braids  and  10*  Hz  for  two- 
and  three-layered  cover/braids.  The  comparison  of  curves  1, 

2 and  3 shows  that  with  an  increase  in  the  number  of 
copper  cover/braids  from  one  to  three  screening  effect 
regularly  it  grow/rises.  The  second  group  of  curves  (4  and 
5) , which  relates  to  that  which  was  combined  cover/braids 
copper  - steel  and  copper  - steel  - copper,  has  at  first 
rising,  and  then  stable  character  in  all  range  of  frequency 
curve/graph  to  5 MHz.  Three-layered  combined  cover/braid  (5) 
in  terms  of  the  absolute  value  of  screen  damping  is 
substantially  better  than  uniform  three-layered  cover/braid 
frcm  copper  (3),  also,  in  the  spectrum  tc  1 MHz  virtually 
equivalent  to  the  continuous  copper  tube  with  a thickness 
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cf  0.06  mo  (curve  6). 

The  experimental  study  of  cable  cover/braids  showed  that 
their  screening  effect  in  many  respects  depends  on  surface 

condition  of  the  wire  of  cover/braid,  value  of  contact 

resistance  between  wires  and  the  quality  cf  the  imposition 
of  cover/braid  on  the  shielded  circuits.  Table  4.4  gives 

the  results  of  the  measurement  of  the  contact  resistance  of 
copper  and  steel  cover/braids.  Contact  resistance  were 
establish/installed  by  measurement  cn  the  direct  current  of 
cne  meter  of  the  cover/traid,  cut  on  generatrix  so  that 
all  wires  were  gashed  and  connection  was  realized  only 

through  the  contact  between  wires.  There  are  given 
measurement  data  of  the  resistor/resistance  of  one  meter  of 


whole  cover/braid 
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Pig-  U.20.  Screening  effect  of  metallic  cover/braids  in 
coaxial  cables  (results  of  measurements). 


Key:  (1).  Np.  (2).  Hz. 


Page  106. 


The  contact  resistance  of  steel  cover/braid  is 
incomaensurable  more  than  in  copper  cover/braid.  If  of 
copper  contact  resistance  is  greater  than  the 
resistor/resistance  of  one  linear  meter  7 times,  then  at 
steel  virtually  lacks  the  contact  between  wires.  In  this. 
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consists  one  of  the  reasons  for  unsatisfactory  properties 
and  instability  of  steel  cover/braids.  A screen  of  the  type 
of  cover/braid  is  unstable  in  tine.  In  the  course  of  tine, 
the  contact  resistance  grow/rises  and  screening  effect 

descends. 

Measurements  establish/installed  that  the  weakly  pressed, 
loose  cover/braid  has  smaller  screen  attenuation  than  dense 
cover/braid.  Difference  reaches  2 Np.  Furthermore,  the  rewind 

of  the  cables,  shielded  by  cover/braid,  is  led  to  a 
decrease  in  screening  effect,  since  is  disrupted 
make-before- break  contact  and  deteriorates  the  density  of 
cover/braid. 


On  the  basis  of  the  conducted  investigations,  it  is 
possible  to  formulate  following  recommendations  regarding  the 
construction  of  flexible  cable  screens  of  the  type  of  the 
co  ver/braid: 

.1)  7”he  density  of  cover/braid  must  be  as  large  as 
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possible  and  con  pose  90-96o/o.  An  increase  in  the  dianeter 
of  the  wires  of  cover/braid  gives  certain  increase  in 
screening  effect.  The  presence  of  gaps  sharply  decreases 
screening  effect. 

2)  Tape/strip  screens  one  should  give  the  preference 
tefore  wire,  since  the  first  possess  the  more  favorable 
i elation ship/ratio  between  the  overall  surface  of  netal  and 
gaps  and  have  lore  favorable  conditions  for  the  passage  of 
eddy  currents  in  screen.  As  a result  screening  effect  of 


the  tape/strip 

screens  is  higher 

than  wire  ones 

* 

3)  In  all 

cases  the  space 

of 

cover/hraid 

(space 

of 

the  imposition 

of  screen  strips 

or 

wires  h,) 

aust 

be 

strictly  agreed 

with  spacing  of 

the 

joining  of 

circuit 

(hp). 

i.  e.  , A. 

4)  For  providing  the  stability  of  the  paraaeters  of 
screen  in  tiae  and  an  inproveaent  in  screening  effect,  is 
expedient  to  apply  strips  and  vires  with  anticorrosive 
proofings  (tinplating,  silver  plating,  zinc  plating  so 
forth).  It  is  necessary  to  approach  the  achieveaent  of  low 
contact  resistance  between  the  wires  cf  cover/braid. 


page  zar 
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5)  Copper  cover/braids  one  should  give  the  preference 


before  the  steel  and  other  types  cf  cover/braids.  A 


of  the  attenuation  of  reflection  and  the  inadeguacy  of  the 


co  ntact 
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Table  4.4.  results  of  the  measurements  of  contact  resistance 
for  different  cq ver/braids. 


1 ' 1 Tun  ofutencH 

( Gonpofnn  ounn,  cm/m 

n) 

Kwhmw  wnpui— — 

•.  cm/m 

t4) 

Meat 

t>  Cfajib 

0,24  10“! 

1,710-* 

1,95  10-2 

10* 

Key:  (1).  Type  of  cover/braid.  (2).  Bes istor/resista ace  of 

cover/braid,  Q/a.  (3).  Contact  resistance,  to  Q/n.  (4). 
Copper.  (5).  steel. 

Page  107. 

6)  Is  very  effective  the  application/use  of  the 
conbined  screen,  which  consists  of  copper  and  steel 
cover/braids.  In  this  case  the  stability  of  shadowing  is 
obtained  in  wide  frequency  spectrua. 


7)  One-way  cover/braid  in  comparison  with  usual 
bilateral  cover/braid  possesses  essential  advantage  in  the 
expenditures  of  aaterial  and  has  somewhat  best  shielding 
characteristics  because  of  the  absence  of  the  technological 
gaps,  unavoidable  with  bilateral  cover/braids.  But  this 
one-sided  cover/braid  can  be  effective  only  during  strict 
agreement  of  spaces  of  cover/braid  with  pitch  of  strand  of 
circuit  and  the  coinciding  imposition  of  screen  strips 
(mires).  The  stability  of  electrical  characteristics  in  tine 
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of  this  cover/braid  is  worse  than  in  usual  bilateral 
cover/ braid. 

8)  If  necessary  for  the  creation  of  the  flexible 
screens,  which  have  the  high  shielding  characteristics  in 
high-frequency  range,  one  should  apply  aultilayer  braidinq 
screens  or  utilize  a cover/braid  in  combination  with  spiral 
screen  fron  fine/thin  copper,  aluiinua  or  steel  strips. 


9)  In  all  cases  of  engineering  flexible  cable  shields, 
it  follows  as  far  as  possible  to  avoid  gashes  and  the 

gaps,  which  do  not  coincide  with  directiof  of  flow  in 
shielded  circuit,  and  on  no  account  to  allow/assuae  the 
disturbance  of  the  completeness  of  shell  in  the  direction, 

perpendicular  to  direction  of  flow  in  circuit.  Are 
allov/assumed  only  the  joints  and  the  saall  gaps,  which  go 
in  parallel  with  direction  of  flow  in  the  shielded  circuit. 
In  the  twisted  shielded  circuits  the  space  of  the  helicity 
of  slot  (gap)  on  screen  nust  correspond  to  pitch  of  strand 
of  circuit. 


10)  is  very  effective  the  grounding  cf  screen  shell. 
The  nore  frequent  the  qroundinq  of  screen,  the  greater  the 
effect  of  electrostatic  shadowing. 
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11)  In  the 
construction  the 
and  the  density 
In  this  case  is 
stability  of  the 
cable* 


radio-frequency  cables  of  coaxial 
space  of  cover/braid  aust  coapose  45-55°, 
of  the  iaposition  of  cover/braid  90-96o/o. 
reached  optieua  screening  effect,  the 
parameters,  strength  and  the  flexibility 


\ 
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Appendix 

Relationship/ratio  between  nepers  and  decibels. 


The  attenuation  of  line  (a  = at l)  or  at  of  four-pole 

is  accepted  to  evaluate  in  nepers  or  decibels  (bels) . 
Calculat ion/enumera tions  in  nepers  are  based  on  the  natural 
system  of  logarithms,  and  in  decibels  (bels)  - on  decimal. 

Attenuation  in  1 Up  corresponds  tc  a decrease  in  the 
power  in  e*  = 7.4  times,  and  current  or  the  voltages 

- in  e = 2.718  times: 


1 

Po 

Po 

a = 

— In 

Of  —2.  . 

= e*a  = e1 

2 

Pi 

Pi 

I6'0  1 

= In } 

lo 

\L'o 

of  — 

U 

1 u,  \ 

1 

'l 

1 0, 

' i 

Attenuation  in  1 bel  corresponds  to  a decrease  in  the 
power  10  times,  and  current  or  the  voltages  - 3.17  times: 

a = lg  — er  -^2.=  10°  = 10, 

* P,  P, 

a = 21g  I — 1 = 2lg  or  I = lO0  511  = 10°  * = 3. 17. 

I t/j  I h Ui  h I 
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Decibel  is  one  tenth  part  of  the  bel.  He  will 
respectively  obtain  that  the  attenuation  in  1 dB 
characterizes  decrease  in  power  1.26  tines,  and  in  current 
or  vpltage  - 1, 12  times: 


a = 10lg  — 

Pi 


ir 


— = I0°'« : 
Pi 


— = 20U 

Vo 

= 

u, 

h 

V, 

/l 

I0^'  =1,26, 

10°“*=  lrfl05=  1,12. 


In  Table  P.  1.1  corrected  values  of  attenuation  in 
decibels  with  the  different  rela ticnship/ratios  of  power. 

Between  nepers  and  decibels  there  is  the  following 
relationship/ratio  : 

“ ■ **  | | = 20  * * * - »W,  <».«43  = 8 .eesof^j, 

i.e.  a [dB]  = 8.686  a [NpJ.  Consequently,  1 Np  - 8.686 

dB,  1 dB  - 0.115  Np. 

Are  given  below  conversion  tables  Np  - dB  and  dB  - 
Np  (Table-*1  P.1.2  and  P.  1.3). 
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Table  P.1.2.  Translation/con version  of  nepers  into  decibels. 


(0 

Hen 

'2.) 

d6 

m 

Cv 

d6 

worn 

H 

82 

(is 

aen 

o 

06 

nen 

<S> 

Hen 

^ ! 

&> 

nen 

-<3T  | 

ftn 

nen 

% 

0,01 

0,087 

1,4 

m 

32,1 

6,0 

52,1 

8,3 

72,1 

10,5 

91,2 

Bll 

mm 

14,9 

wm 

0,02 

0,174 

1,5 

13,0 

33,0 

6,1 

53,0 

8,4 

73,0 

10,6 

92,1 

IIP 

miiKM 

15,0 

m ' 

0,03 

0,261 

1,6 

13,9 

3,9 

33,9 

6,2 

53,9 

8,5 

73,8 

10,7 

92,9 

IDO 

■uij] 

15,1 

0,04 

0,347 

1,7 

14,8 

4,0 

34,8 

6,3 

54,7 

8,6 

74,7 

10,8 

93,8 

13,0 

■MB 

15,2 

132,0 

0,05 

0,434 

1,8 

15,6 

4,1 

35,6 

6,4 

55,6 

8,7 

75,6 

10,9 

94,7 

13,1 

113,8 

15,3 

132,9 

0,06 

0,521 

1,9 

16,5 

4,2 

36,5 

6,5 

56,5 

8,8 

76,4 

11,0 

95,6 

13,2 

114,7 

15,4 

133,8 

0,07 

0,608 

2,0 

17,4 

4,3 

37,3 

6,6 

57,3 

8,9 

77,3 

11.1 

96,4 

13,3 

115,5 

15,5 

134,6 

0,08 

0,695 

2,1 

18,2 

4,4 

38,2 

6,7 

58,2 

9,0 

78,2 

11,2 

97,3 

13,4 

116,4 

15,6 

135,5 

0,09 

0,782 

2,2 

19,1 

4,5 

39,1 

6,8 

59,1 

9,1 

79,0 

11.3 

98, 1 

13,5 

117,3 

15,7 

136,4 

0,1 

0,869 

2,3 

20,0 

4,6 

40,0 

6,9 

59,9 

9,2 

79,9 

11.4 

99,0 

13,6 

118,2 

15,8 

137,2 

0,2 

1 ,74 

2,4 

20,8 

4,7 

40,8 

7,0 

60,8 

9,3 

80,8 

11.5 

99,9 

13,7 

119,0 

15,9 

138,1 

0,3 

2,61 

2,5 

21,7 

4,8 

41.7 

7.1 

61,7 

9.4 

81,6 

11,6 

100,8 

13,8 

119,9 

16,0 

139,0 

0,4 

3,47 

2,6 

22,6 

4,9 

42,6 

7,2 

62,5 

9,5 

82,5 

11.7 

101,6 

13,9 

120,8 

16,1 

139,8 

0,5 

4,34 

2,7 

23,5 

5,0 

43,4 

7,3 

63,4 

9,6 

83,4 

11,8 

102,5 

14,0 

121,7 

16,2 

140,7 

0,6 

5,21 

2,8 

24,3 

5,1 

44,3 

7,4 

64,3 

9,7 

84,3 

11.9 

103,4 

14.1 

122,5 

16,3 

141,6 

0,7 

6,08 

2,9 

25,2 

5,2 

45,2 

7,5 

65,1 

9,8 

85,1 

12,0 

104,2 

14,2 

123,3 

16,4 

142,4 

0,8 

6,95 

3,0 

26,1 

5,3 

46,0 

7,6 

66,0 

9,9 

86,0 

12,1 

105,1 

14.3 

124,2 

16,5 

143,3 

0,9 

7,82 

3,1 

26,9 

5,4 

46,9 

7.7 

66,9 

10,0 

86,9 

12,2 

106,0 

14,4 

125, 1 

16,6 

144,2 

1 ,o 

8,69 

3,2 

27,8 

5,5 

47,8 

7,8 

67,8 

10,1 

87,7 

12,3 

106,8 

14,5 

125,9 

16,7 

145,1 

1 . 1 

9,55 

3.3 

28,7 

5,6 

48,6 

7,9 

68^6' 

10,2 

88,6 

12,4 

107,7 

14,6 

126.8 

16,8 

145,9 

1 ,2 

10,4 

3,4 

29,5 

5,7 

49,5 

8,0 

69,5 

10,3 

89,5 

12,5 

108,6 

14.7 

127,7 

16,9 

146,8 

1 ,3 

10,4 

3,5 

30,4 

5,8 

50,4 

8.1 

70,4 

10,4 

90,3 

12,6 

109,4 

14.8 

128,6 

17.0 

147,7 

3,6 

31,3 

5,9 

51,2 

8,2 

7 1,2 

1 
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ft) 

96 

C*> 

nen 

~7p~ 

96 

zr~. 

nen 

rtr 

nen 

nen 

A) 

ee 

nen 

96 

1 

~trr 

96 

w 

nen 

ST 



(J^ 

nen 

0.1 

0,0115 

14 

1,61 

37 

4,26 

60 

6,91 

83 

9,55 

105 

12,1 

127 

14,6 

149 

17,2 

0,2 

0,0230 

15 

1.73 

38 

4,37 

61 

7,02 

84 

9,67 

106 

12,2 

128 

14,7 

150 

17,3 

0,3 

0,0345 

16 

1.84 

39 

4,49 

62 

7,14 

85 

9,79 

107 

12,3 

129 

14,9 

151 

17.4 

0,4 

0,0461 

17 

1,96 

40 

4,61 

63 

7,25 

86 

9,90 

108 

12,4 

130 

15,0 

152 

17,5 

0,5 

0,0576 

18 

2,07 

41 

4.72 

64 

7,37 

87 

10,0 

109 

12,5 

131 

15,1 

153 

17.6 

0,6 

0,0691 

19 

2,19 

42 

4,84 

65 

7,48 

88 

10,1 

110 

12,7 

132 

15,2 

154 

17.7 

0,7 

0,0806 

20 

2,30 

43 

4,95 

66 

7,60 

89 

10,2 

111 

12,8 

133 

15,3 

155 

17,8 

0,8 

0,0921 

21 

2,42 

44 

5,06 

67 

7,71 

90 

10,4 

112 

12,9 

134 

15,4 

156 

18.0 

0,9 

0,1036 

22 

2,53 

45 

5,18 

68 

7,83 

91 

10,5 

113 

13,0 

135 

15,5 

157 

18.1 

1 

0,115 

23 

2,65 

46 

3,30 

69 

7,94 

92 

10,6 

114 

13,1 

136 

15,7 

158 

18,2 

2 

0,230 

24 

2,76 

47 

5,41 

70 

8,06 

93 

10,7 

115 

13,2 

137 

15,8 

159 

18,3 

3 

0,345 

25 

2,88 

48 

5,52 

71 

8,17 

94 

10,8 

116 

13,4 

138 

15,9 

160 

18,4 

4 

0,461 

26 

2,99 

49 

5,64 

72 

8,29 

95 

10,9 

117 

13,5 

139 

16,0 

161 

18,5 

5 

0,576 

27 

3,11' 

50 

5,76 

73 

8,40 

% 

11,0 

118 

13,6 

140 

16,1 

162 

18,6 

6 

0,691 

28 

3,22 

51 

5,87 

74 

8,52 

97 

11,2 

119 

13,7 

141 

16.2 

163 

18.8 

7 

0,806 

29 

3,34 

52 

5,99 

75 

8,63 

98 

H.3 

120 

13,8 

142 

16,3 

164 

18,9 

8 

0^921 

30 

3,45 

53 

6,10 

76 

8,75 

99 

11.4 

121 

13,9 

143 

16,5 

165 

19,0 

9 

1,04 

31 

3,57 

54 

6,22 

77 

8,87 

100 

11,5 

122 

14,0 

144 

16,6 

166 

19,1 

10 

1.15 

32 

3,68 

55 

6,33 

78 

8,98 

101 

11,6 

123 

14.2 

145 

16,'  7 

167 

19,2 

11 

1.27 

33 

3,80 

56 

6,45 

79 

9,09 

102 

11,7 

124 

14,3 

146 

16,8 

168 

19,3 

12 

1,38 

34 

3,91 

57 

6,56 

80 

9,21 

103 

11.9 

125 

14,4 

147 

16,9 

169 

19,5 

13 

1,50 

35 

4,03 

58 

6,68 

81 

9.32 

104 

12,0 

126 

14,5 

148 

17,0 

170 

19,6 

36 

41,4 

59 

6,79 

82 

9,44 

A^ey:  Ci).  <4B  Cz).  A/p. 
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